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INTRODUCTION 
The primary goal of classical recurrent selection procedures is to 
iiiq>rove a population, or populations, for agronomic traits. However, 
the ultimate goal of maize (Zea mays L.) breeders, especially in the 
commercial seed industry, is to develop inbred lines that can be used as 
parents for competitive hybrid cultivars. Although several studies have 
shown that traditional recurrent selection procedures are effective for 
population improvement and for maintaining genetic variation (Fehr, 
1987; Hallauer and Miranda, 1988), maize breeders of the private sector 
have been reluctant to use the techniques because of more efficient 
methods for inbred line recovery. It would be valuable if the classical 
recurrent selection procedures could be modified to incorporate 
efficient means of inbred line recovery along with population 
improvement into the overall breeding scheme, especially if the argument 
that commercial U.S. maize lacks sufficient genetic diversity is valid. 
Jenkins (1940) outlined the basic procedures of recurrent selection 
for general combining ability: (1) cross plants from a source 
population to those of a heterogeneous population tester, (2) evaluate 
the testcross progenies, and (3) recombine the superior genotypes to 
produce the improved population. The process is continued in a cyclical 
manner by using the inqproved population to form the next group of 
testcross progenies. In 1945, Hull modified the procedure to use an 
inbred line or a single-cross hybrid as the tester. He called this 
procedure "recurrent selection for specific combining ability". 
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Reciprocal recurrent selection, a procedure in which two broad-base 
populations are used reciprocally as testers, was outlined by Comstock 
et al. (1949). The method was designed to improve the interpopulation 
cross between the two source populations, and was expected to be 
successful regardless of the type of gene action involved in yield 
heterosis. 
Russell and Eberhart (1975) proposed a reciprocal recurrent 
selection procedure that uses reciprocal inbred testers as a more 
efficient procedure for combining population improvement and inbred line 
recovery than the procedure outlined by Comstock et al. (1949). 
Reciprocal recurrent selection (population testers) and modified 
reciprocal recurrent selection (inbred testers) were initiated in a 
parallel breeding program in 1975 by W. A. Russell at Iowa State 
University. Two early maturing maize synthetics, BS21 and BS22, were 
the source populations for both procedures. The objectives of this 
study were: (1) to evaluate the populations per se. testcrosses to 
several inbred and noninbred testers, and the interpopulation crosses 
for changes in agronomic traits that were considered during the 
testcross evaluations; (2) to evaluate changes for several plant and ear 
traits that were not directly considered during the testcross 
evaluations; (3) to test the hypothesis of Russell and Eberhart (1975) 
that reciprocal inbred testers should be more effective than reciprocal 
population testers in population improvement programs; and (4) to 
measure inbreeding depression and the effects of selection and 
inbreeding on changes in agronomic traits. 
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LITERATURE REVIEW 
Recurrent selection is a cyclical tool for plant breeders, designed 
to gradually improve a population for a desired trait(s) while 
maintaining genetic variability to assure continued improvement. Three 
phases constitute one cycle of recurrent selection: (1) production of 
progenies for testing, (2) progeny evaluation and selection of superior 
genotypes, and (3) recombination of selected progenies to produce the 
next cycle population. If selection is effective, the population mean 
for the trait(s) of interest is expected to increase after each cycle 
due to increases in frequencies of favorable alleles affecting the 
traits. 
Different recurrent selection methods were developed because of the 
inferred gene action associated with the trait(s) of interest and the 
expression of the trait(s) in populations per se and crosses. As the 
genetic control over important traits became more firmly established, 
the original recurrent selection methods were modified to maximize the 
efficiency of the procedures for breeders. A complete discussion of 
recurrent selection procedures in maize (Zea mays L.) can be found in 
Hallauer and Miranda (1988). This study concerns a modification to a 
recurrent selection method; therefore, this review will be focused on 
reports leading to the proposed modification and subsequent reports 
supporting or opposing the modification. 
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Recurrent Selection Methods 
Jenkins (1940) described a method for developing improved maize 
cultivars, later termed "recurrent selection for general combining 
ability." The term "recurrent selection" was first used by Hull 
(1945). "General combining ability," or 6CA, was described by Sprague 
and Tatum (1942) as the average performance of a line in hybrid 
combinations. They used the term "specific combining ability" (SCA) to 
indicate the performance of a specific hybrid combination that performed 
relatively better or worse than the average performance of parental 
lines involved. Jenkins (1940) proposed that the parental variety be 
utilized as a broad-base tester in the procedure. Plants in the base 
population are selfed and each SQ plant is crossed to random tester 
plants. Superior lines are selected after testcross family evaluation 
and recombined to form an improved cycle population. His method evolved 
after observing that early generation testing of testcross progenies was 
effective for selecting among S^ lines in maize. He found that the 
parental potential of inbred lines for hybrids could be observed early 
in the inbreeding process and remained relatively stable thereafter 
(Jenkins, 1935). 
Hull (1945) proposed an alternative procedure that utilizes a 
constant, narrow-base tester, and called the procedure "recurrent 
selection for SCA". He recommended using an inbred line tester with 
proven GCA and desirable characters. Superior lines extracted from the 
population will have good SCA with the inbred tester and can be inbred 
further and used with the tester in hybrid combination. 
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The main difference between the methods outlined by Jenkins and 
Hull is the tester used to form the testcross families. This difference 
is related to each author's view as to the cause of yield heterosis. 
Jenkins (1940) thought hybrid vigor was a function of the number of 
favorable alleles in the source population. On the other hand, Hull 
(1945) believed hybrid vigor was the result of non-linear interaction 
between alleles at a locus (i.e., overdominance) or between genes of 
different loci (i.e., epistasis). Thus, Hull thought inbred testers 
would allow populations to be developed from which superior hybrid 
combinations among genes and alleles could be identified. He further 
suggested evaluating and recombining one- or two-generation selfs, later 
called and S2 recurrent selection," as a better method than Jenkins' 
procedure if the accumulation of dominant, favorable alleles is 
important. However, he insisted that the selfed progeny method would 
fail because of the excess vigor of heterozygotes at many loci. 
Comstock, Robinson, and Harvey (1949) proposed "recurrent 
reciprocal selection", now known as "reciprocal recurrent selection", as 
an effective breeding procedure regardless of the type of gene action 
involved in yield heterosis. This procedure is based on theoretical 
arguments that some loci may exhibit partial to complete dominant gene 
action while overdominance is expressed at other loci. The basic 
procedures of reciprocal recurrent selection are as follows: 
1. Choose two genetically diverse populations. 
2. Season one: cross each of 200 plants from source population A 
to four of five random plants from source population B. 
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Likewise, cross each of 200 plants from population B to four or 
five random plants from population A. Self-pollinate all 
plants used as pollen parents to produce seed. 
3. Season two: evaluate the two sets of testcrosses in separate 
yield trials. 
4. Season three: recombine the Sj^ lines corresponding to the 
superior testcrosses to form the new populations. 
5. Repeat seasons one to three by using the new populations. 
They believed reciprocal recurrent selection would guide the development 
of populations in such a way that their 6CA and SCA would be enhanced. 
The heterogeneous population tester allows for improvement at loci under 
partial to complete dominance. Also, loci controlled by overdominance 
are affected because both populations are improved simultaneously based 
on their performance when crossed to each other. 
The methods described by Jenkins (1940) and Hull (1945) are 
intrapopulation improvement procedures because improvement is directed 
for one population. Reciprocal recurrent selection is designed for 
improvement between two populations, referred to as interpopulation 
improvement. These two main categories, intra- and interpopulation 
improvement, were named by Moll and Stuber (1974). 
Genetic Control of Yield Heterosis in Maize 
The methods of recurrent selection described by Jenkins (1940), 
Hull (1945), and Comstock et al. (1949) were developed primarily because 
of different opinions for the cause of yield heterosis in maize. 
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However, the debate among maize breeders over this phenomenom had 
progressed since the early 1900s. 
Heterosis has been explained by two general hypotheses: (1) 
physiological stimulation caused by the heterozygous condition (i.e., 
epistasis and/or overdominance), a non-mendelian explanation, and (2) 
dominant favorable growth factors, a mendelian explanation (Hallauer and 
Miranda, 1988). Theoretical and empirical evidence has been presented 
to support both hypotheses. 
Shu11 (1908) suggested the physiological stimulation hypothesis. 
He contended that the proper aim of a maize breeder should be continuous 
hybridization between superior plant types, rather than the isolation of 
pure strains, because the greatest physiological vigor is found in 
specific hybrid combinations. This hypothesis was supported by East and 
Hayes (1912) and more thoroughly explained and advanced by East 
(1936). Hull (1945) used the term "overdominance" to describe the gene 
action involved in the physiological stimulation model. 
Bruce (1910) used a mathematical model to explain heterosis on the 
basis of dominant favorable growth factors. He showed that the mean 
vigor of offspring from the cross between two pure strains should be 
greater than the mean vigor of the parental strains provided that 
dominance is correlated with vigor, and the number of recessive elements 
(aa) is fewer than the number of dominant elements (AÂ or Aa). This 
hypothesis was expanded by Jones (1917) to include the effects of 
linkage on heterosis. He suggested that many linked factors associated 
with size are dominant; thus, increased vigor may be produced by the 
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increased number of these dominant factors. Furthermore, the dominant 
favorable factors will be more abundant when the paired chromosomes are 
dissimilar, as they are likely to be when they come from different 
parents. 
East (1936) favored the physiological stimulation hypothesis and 
rejected dominant favorable growth factors. He insisted that heterosis 
is primarily associated with changes in speed of various physiological 
reactions determined by different combinations of nondefective 
allelomorphs. For exanq>le, if two nondefective allelomorphs, and A2, 
are present in a species, the heterozygous combination, Aj^A2, will have 
a greater effect on heterosis than will either homozygote, A^A^ or A^A^, 
because A^ and A2 have slightly different functions. The effect of A^A^ 
would not be ZA^, but 2A|-a, where a approaches A^. However, the effect 
of Aj^A2 is Aj + A2 - 3 where a > 0. 
Hallauer and Miranda (1988) list three reasons why the hypothesis 
of dominant favorable growth factors was criticized by those who agreed 
with the physiological stimulation model: 
1. Homozygous inbred lines, as productive as single-cross hybrids, 
had not been developed. 
2. The distributions in F2 populations were not skewed. 
3. There was no conclusive evidence of dominance for 
quantitatively inherited traits. 
If the dominance hypothesis is correct, it should be possible to 
obtain an individual from a population containing all of the most 
favorable dominant growth factors. This individual line would be as 
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productive as the best single-cross hybrids. However, Collins (1921) 
reported that the chances of combining all favorable growth factors into 
one individual would be remote, even with as few as 10 factors 
involved. Lonnquist (1952) showed that greater than 73 million acres 
would be required to grow enough plants from one population to have an 
even chance of obtaining one plant homozygous dominant for all loci when 
20 loci are involved. Also, Jones (1917) explained that linkage would 
make it relatively impossible to recombine all of the dominant favorable 
growth factors into one individual. 
The distribution in F2 populations should be skewed towards the 
dominant phenotype if the dominance model correctly explains 
heterosis. However, Collins (1921) argued that skewness would be 
difficult to detect if 20 or more genes are involved. 
Early maize studies failed to show significant evidence that 
dominance exists for quantitatively inherited traits. Hull (1945) 
concluded that dominance could not explain heterosis because the yield 
of hybrid maize exceeded the sum of the inbred parents, assuming 
favorable alleles are additive. Theoretically, Crow (1948) argued that 
the dominance model was inadequate to account for heterosis observed 
when inbred lines from an equilibrium population are crossed. In 1952, 
Hull used regressions of and F2 yields on yields of parent lines from 
25 experiments to support the physiological stimulation model. These 
authors concluded that overdominance was a plausible explanation for the 
phenomenon. 
The amount of dominance genetic variance in populations should be 
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considerably larger than additive genetic variance when overdominance is 
the major type of gene action explaining heterosis in maize. Comstock 
and Robinson (1948) described two mating designs, now known as Design 1 
and Design II, that can be used to measure the relative amounts of 
additive and dominance genetic variance in populations. A third mating 
design, Design 111, was described by Comstock and Robinson (1952) to 
provide a method to measure dominance genetic variance more 
accurately. From these designs, the average degree of dominance can be 
calculated and interpreted in terms of the relative importance of 
overdominance. These mating designs, along with other methods described 
by Sprague and Tatum (1942), Griffing (1956), and Hayman (1958), were 
important contributions to our understanding of genetic variance in 
maize populations. 
Robinson et al. (1949) used the Design I mating scheme in three F2 
maize populations to study genetic variance and the degree of dominance 
in maize. The degree of dominance estimates, averaged over the three 
populations, were in the range of partial to complete dominance (0 to 
1.0) for all traits, except yield. Grain yield had a degree of 
dominance estimate of 1.64, well within the range of overdominance 
(> 1.0). However, the authors postulated that grain yield may be 
controlled by partial to complete dominance if the overdominance 
detected was caused by epistasis or tight repulsion phase linkages of 
certain genes that were not broken in only one generation of random 
mating in the F2 populations. Hull (1952) referred to this effect as 
"pseudo-overdominance." 
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The implication to long-term selection in populations is severe if 
overdominance is more important than partial to complete dominance for 
grain yield. Hull (1945) suggested that nonadditive genetic variance is 
greater than additive genetic variance in open-pollinated maize 
varieties because of the many years of selection practiced in them. 
Because of overdominance, selection would force the populations to an 
equilibrium of gene frequencies after which selection would have little 
effect. Overdominance has been observed in F2 maize populations, but 
the importance of overdominance is inconclusive due to the potential for 
pseudo-overdominance in these studies. 
In light of the problem of pseudo-overdominance, Robinson et al. 
(1955) used Design 1 in three open-pollinated maize varieties, Jarvis, 
Indian Chief, and Weekley, to estimate genetic variance components. 
These populations were assumed to be closer to linkage equilibrium than 
F2 populations; thus, the potential for pseudo-overdominance was 
relatively low. The estimates for additive genetic variance were 
considerably larger than dominance variance for all traits considered. 
They concluded that dominance genetic variance was not the single, 
important source of genetic variance in the populations studied. 
However, they could not rule out the significance of overdominance at 
certain loci for grain yield. 
In 1964, Moll ét al. evaluated two F2 populations and corresponding 
advanced populations, generated by 10 cycles of random mating, in a 
Design III experiment to establish the relative importance of 
overdominance and to measure the effect of pseudo-overdominance. They 
12 
observed significant reductions in estimates of dominance genetic 
variance and degree of dominance for most traits, including grain yield, 
after the F2 populations were random mated. They concluded that 
overdominance was relatively less important than indicated by the data 
for the F2 populations due to significant pseudo-overdominance caused by 
linkage bias. 
The genetic basis of heterosis continues to be debated in modern 
breeding. Hallauer and Miranda (1988) cite several studies showing that 
partial to complete dominance is relatively more important than 
overdominance at most loci. However, no evidence has been presented to 
determine the effects of a few overdominant loci on heterosis. Hallauer 
and Miranda (1988) concluded that the evidence in quantitative research 
supports the hypothesis that heterosis results from an accumulation of 
dominant favorable growth factors, but they added that all types of gene 
action are probably involved. 
Evaluation of Recurrent Selection 
The ultimate goal of recurrent selection is to make genetic 
improvement in a target population through selection. In maize 
breeding, this goal is extended to include improvement of the potential 
for extracting superior inbred lines from the population(s) for use in 
commercial hybrids. Empirical and theoretical studies have been done to 
evaluate progress in different recurrent selection procedures. 
Comstock et al. (1949) used theoretical considerations to compare 
recurrent selection for general combining ability (method 1), recurrent 
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selection for specific combining ability (method 2), and reciprocal 
recurrent selection (method 3). The authors considered limits to 
improvement and rates of improvement in each method when gene action was 
controlled in each of three ways: partial dominance, complete 
dominance, and overdominance. Three conclusions were listed when 
considering improvement limits. First, when partial dominance existed 
methods 1 and 3 were equivalent. Method 2 could attain the same limit 
only if the favorable allele was present in both the source population 
and the tester line. Second, the improvement limit was equal in methods 
2 and 3 when overdominance existed, but lower in method 1. Finally, all 
three methods were equal with complete dominance as the mode of gene 
action. 
When considering rate of improvement, Comstock et al. (1949) also 
listed three conclusions. Method 3 should provide the fastest rate of 
improvement in initial cycles of selection when complete dominance is 
present. However, improvement will slow down as both populations 
accumulate dominant, favorable alleles. Method 1 will improve more 
rapidly in the long run. Second, with partial dominance, the initial 
advantage of method 3 will not be as great, and method 1 should be 
superior. Finally, methods 2 and 3 are superior to method 1 if 
overdominance exists at a considerable number of loci. The superiority 
between methods 2 and 3 depends on the gene frequencies in the tester. 
It was concluded in this theoretical exercise that reciprocal recurrent 
selection was generally as effective as the other two methods for all 
genetic situations considered. 
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Empirical evaluations are needed, after several cycles of recurrent 
selection, to test what has been shown in quantitative selection 
theory. Several procedures are available to determine the effectiveness 
of selection for changing the mean of traits in the desired direction. 
Least squares procedures are commonly used to evaluate changes in 
trait means of populations per se and population crosses by regressing 
the observed means on cycles of selection. The linear regression 
coefficient provides an estimate of gain per cycle unless the deviation 
from linear regression is significant. Quadratic and higher order 
regression models are more difficult to interpret. It is assumed, in 
least squares procedures, that changes in the means over cycles are 
primarily caused by changes in allelic frequencies as a result of 
selection (Eberhart, 1964). 
The best way to conq)are two or more recurrent selection procedures 
is to initiate the procedures in a common base population and compare 
their rates of improvement after a number of selection cycles. Eberhart 
(1964) demonstrated how least squares can be used to regress the 
response for each procedure through its common origin (i.e., base 
population). 
Smith (1979a) argued that the least squares procedure, described by 
Eberhart (1964), allows for a statistical estimate of changes in means, 
but fails to adequately describe changes in allelic frequencies of 
selected populations. He contended that the assumed changes in allelic 
frequencies of the populations per se due to selection can be confounded 
in normal regression techniques by the effects of inbreeding depression 
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in those populations, especially after many cycles of selection. 
Smith (1979a, 1979b) proposed a model to separate the effects of 
inbreeding depression caused by finite population size (i.e., random 
genetic drift) from the effects of selection. Smith's model is actually 
a modification to a model proposed by Hammond and Gardner (1974) that 
allowed gain to be partitioned into homozygous and heterozygous effects, 
but did not separate inbreeding effects. By using Smith's model, 
several studies have shown significant amounts of inbreeding effects for 
grain yield, in recurrent selection programs, caused by finite 
population size (Smith, 1979a, 1979b, 1983; Hoard and Crosbie, 1986; 
Tanner and Smith, 1987; Klenke et al., 1988; Helms et al., 1989; Nyhus 
et al., 1989). However, the drift component of Smith's model, DQ, may 
fail to separate inbreeding that is random (i.e., genetic drift) from 
non-random inbreeding, such as unintentional assortative mating (K. R. 
Landiey, Department of Agronomy, Iowa State University, 1989, personal 
communication). Random drift effects would be expected to occur after 
several cycles of selection, if at all, while directed inbreeding could 
affect trait means immediately. 
Several reports have shown that recurrent selection for GCÂ, 
recurrent selection for SCA, and reciprocal recurrent selection are 
effective for improving yield in maize populations and crosses. 
The most extensive evaluation of recurrent selection for GCÂ came 
from a series of reports from the University of Nebraska. In 1942, a 
program of recurrent selection for 6CA with several populations was 
initiated in an attempt to improve chances for isolating superior inbred 
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lines from the improved populations (Lonnquist, 1952). After three 
cycles of selection, Lonnquist (1961) reported results in two open-
pollinated varieties (Krug and Reid) and three synthetic varieties 
(Stiff Stalk Synthetic, Synthetic Â, and Synthetic B). Unrelated 
synthetic varieties were used as testers in this program. The improved 
varieties showed an average increase of 7.2 q ha~^ over the initial (CO) 
population. The same increase was observed in the improved population 
crosses (CN x CN) over the CO x CO crosses. After four cycles of 
selection, Lonnquist (1963) reported that the average yield increase was 
3,4 q ha~^ for three populations (Krug, Synthetic A, and Synthetic B) 
and 3.5 q ha"^ for the intercrosses. The improvement was attributed to 
an accumulation of favorable alleles having additive effects. 
Eberhart et al. (1973) evaluated the progress from seven cycles of 
recurrent selection in BSSS(HT), which used a double-cross tester, 
lal3. They found improvement in testcross combination to be highly 
significant at a rate of 1.65 q ha"^ cycle"^. However, no significant 
yield improvement was detected in the populations per se. 
Recurrent selection for specific combining ability has been 
evaluated, primarily, in studies designed to determine the significance 
of GCA and SCA for population improvement. Sprague and Miller (1950) 
extended the procedure described by Hull (1945) to determine the 
relative importance of the type of gene action important for yield 
heterosis. They suggested that two unrelated populations, known to 
exhibit yield heterosis when crossed, be improved simultaneously in a 
recurrent selection program by using the same inbred line tester. If 
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dominance is solely responsible for yield heterosis in both populations, 
the population crosses (CO x CO to CN x CN) should show a linear 
increase for yield. However, if overdominance is important, selection 
would be mainly to fix recessive alleles in the population at loci where 
the dominant alleles are present in the tester and dominant alleles 
where the inbred is recessive. Since the same inbred tester is used, 
the population crosses should show a decrease in rate of inqirovement in 
later cycles of selection as both populations become fixed similarly at 
the same loci. 
Sprague et al. (1959) evaluated the population crosses of two maize 
synthetics, Lancaster Surecrop and Rolkmeier, improved by using an 
inbred, Hy, as the tester in the procedure described by Sprague and 
Miller (1950). After two cycles of selection, the CO x CO, CI x CI, and 
C2 X C2 population crosses showed an increasing yield trend, indicating 
that partial to complete dominance was important for yield heterosis. 
In a similar study, Russell et al. (1973) evaluated five cycles of 
recurrent selection in two populations, Alph and (WF9 x B7)F2. The 
inbred, B14, was used as the tester for both populations. The 
populations per se, population testcrosses, and population crosses (CO x 
CO to C5 X C5) showed significant linear increases for grain yield. 
When the selected populations from Alph and (WF9 x B7)F2 were crossed to 
BSBB, an unrelated broad-base tester, the rates of improvement were 
essentially equal to the improvement by using B14 as the tester. It was 
concluded that overdominance and overdominant types of epistasis were 
relatively unimportant for yield gain in the two populations. 
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Walejko and Russell (1977) evaluated five cycles of recurrent 
selection that used the inbred tester, Hy, to improve Lancaster Surecrop 
and Kolkmeier populations in a more comprehensive study than was done by 
Sprague et al. (1959). No significant yield increase was observed for 
either population, but significant improvement occurred in the 
population crosses and testcrosses. Similar rates of improvement were 
measured when the selected populations were crossed to unrelated testers 
(B14A, Mol7, Alph CO, and Alph C5). The results indicate that selection 
improved both populations by increasing the frequency of genes with 
additive effects and partial to complete dominance. Inbreeding effects 
were suggested as the cause of the absence of yield improvement in the 
populations per se. 
Hull (1952) suggested three, separate, parallel recurrent selection 
procedures to study the relative contributing factors to the development 
of superior hybrids. The three procedures were: selection of progeny 
per se, selection for combining ability by using a broadbase tester, and 
selection for combining ability by using an elite inbred line tester. 
Horner et al. (1973) reported results and conclusions of a study 
based on the suggestion by Hull (1952). Florida 767 (FS767) was 
improved by three separate selection procedures: (1) S2 line per se, 
(2) testcross selection using FS767 as the tester, and (3) testcross 
selection using the inbred line, Fg, as the tester. After five cycles 
of selection, the inbred tester method was nearly twice as effective as 
the other two methods for improving grain yield per cycle. Furthermore, 
similar rates of improvement were observed when the populations were 
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crossed to an unrelated population, F3W, indicating that GCA was 
important. 
In 1989, Horner et al. (1989) evaluated the effectiveness of S2 
line testers for improving grain yield in two maize populations, FS8A 
and FS8B. After four cycles of selection, both populations had highly 
significant yield gains, when crossed to their respective testers, at 
response rates of 0.19 Mg ha ^ cycle ^ in FS8A and 0.28 Mg ha~^ cycle"^ 
in FS8B. Similar rates of improvement were observed when the cycle 
populations were crossed to the CO of the opposite population. 
Furthermore, the interpopulation crosses of FS8ACN x FS8BCN was highly . 
significant at 0.37 Mg ha"^ cycle'^. These results provide additional 
evidence that inbred lines are effective for improving GCA in maize 
populations. However, an evaluation of selected lines from FS8A and 
FS8B in a Design II experiment showed that nonadditive effects were also 
important in these populations. The authors concluded that nonadditive 
gene action in the overdominance range was partially responsible for the 
improved yield response in FS8A and FS8B. 
These studies on recurrent selection for specific combining 
ability, along with studies by Horner et al. (1963), Horner et al. 
(1976), Hoegemeyer and Hallauer (1976), Hallauer and Lopez-Perez (1979), 
Stangland et al. (1983), Zambezi et al. (1986), and Rissi (1987), 
suggest similar conclusions. GCA effects had greater relative 
importance than SCA effects. Furthermore, the studies involving narrow-
base testers indicate that these testers are effective for improving 
both types of combining ability. Overdominance and epistasis do not 
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seem to be as important in yield heterosis as partial to complete 
dominance. Results from these studies have significantly influenced how 
plant breeders think about gene action and the choice of tester for 
measuring GCÂ and SCA. 
Success with reciprocal recurrent selection has been reported as 
well. Douglas et al. (1961) evaluated three cycles of the procedure in 
Ferguson's Yellow Dent and Surecropper maize populations. Significant 
improvement in yield occurred in Ferguson's Yellow Dent, but Surecropper 
showed no significant change. The population crosses showed significant 
yield improvement. 
Darrah et al. (1972) reported significant progress of 3.3 q ha~^ 
cycle~^ in the cycle crosses between two maize populations, Kitale II 
and Ec573, after two cycles of reciprocal recurrent selection. 
Improvement in Ec573 was highly significant at 3.0 q ha~^ cycle"^, but 
no significant change occurred in Kitale II. After five cycles, Darrah 
(1985) found significant gain of 1.75 q ha~^ cycle"! in the cycle 
crosses and no significant response in either population per se. 
Moll and Robinson (1966), Moll and Stuber (1971), and Moll et al. 
(1978) compared reciprocal recurrent selection to full-sib 
intrapopulation selection in Jarvis and Indian Chief maize populations 
after three, six, and eight cycles of selection, respectively. After 
three cycles of selection, both procedures were similar in their effect 
on intra- and interpopulation improvement. However, in later cycles, 
reciprocal recurrent selection showed greater improvement in the 
population crosses, while full-sib selection resulted in greater 
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improvement in the populations per se» 
Five cycles of reciprocal recurrent selection in BSSS(R) and 
BSCBl(R) maize populations and seven cycles of intrapopulation recurrent 
selection in BSSS(HT) that used a double-cross tester (Ial3) were 
evaluated by Eberhart et al. (1973). Yield improvement was significant 
in the population crosses of the interpopulation series (2.7 q ha"^ 
cycle~^) and in the testcrosses of BSSS(HT)CN populations with la13 
(1.65 q ha~^ cycle"^). However, no yield improvement occurred in 
BSSS(R) and BSCBl(R) populations per se, while significant gain occurred 
in BSSS(HT). The increase for heterosis in the reciprocal populations 
and the lack of improvement in the populations per se were attributed to 
inbreeding depression. 
Martin and Hallauer (1980) evaluated BSSS(R) and BSCBl(R) after 
seven cycles of reciprocal recurrent selection. They observed 
significant yield gain of 1.75 q ha"^ cycle~^ in the population 
crosses. Yield improvement in the populations per se continued to show 
no significant gain. In 1983, Smith evaluated the same populations 
after eight cycles of reciprocal recurrent selection. The improvement 
in grain yield of the cross, BSSS(R)CN x BSCB1(R)CN, was significant at 
2.47 q ha"^ cycle"'' in the first four cycles and 3.61 q ha~^ cycle"^ in 
the last four cycles. The populations per se showed significant 
improvement in the fourth through seventh cycles of selection but no 
progress in the first four cycles. The differences were attributed to 
changes from hand-harvesting to machine-harvesting and from crossing SQ 
plants to crossing Sj plants to the tester. Inbreeding depression was 
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significant in all populations because only 10 lines were recombined 
each cycle. 
These studies show that all three procedures: recurrent selection 
for GCA, recurrent selection for SOA, and reciprocal recurrent selection 
are effective for direct yield improvement (i.e., population 
testcrosses). However, recurrent selection procedures must produce 
improved populations from which superior inbred lines can be 
extracted. Consequently, the value of these procedures for inbred line 
development is another important criterion for measuring effectiveness. 
Russell and Eberhart (1975) compared line-by-line crosses of 
BSCB1(R)C5 X BSSS(R)C5, BSCBl(R)C5 x BSSS(HT)C6, and BSSS(R)C5 x 
BSSS(HT)C6 to their respective population crosses. Five selected lines, 
varying from S2 to generation of inbreeding, were selected from each 
population and crossed to form three sets of 25 line-by-line crosses. 
Several single-cross checks were evaluated also. The average yields in 
the population crosses were essentially equal, indicating that 
improvement was for gene action other than overdominance or epistasis. 
Furthermore, 19 BSSS(R) x BSCBl(R), 10 BSSS(HT) x BSCBl(R), and five 
BSSS(R) X BSSS(HT) line crosses significantly exceeded their respective 
population cross. The best yielding single-cross check did not yield 
significantly more than any line-by-line cross in the BSSS(R) x BSCBl(R) 
set. These results indicate that recurrent selection, especially 
reciprocal recurrent selection, can be successful for producing inbred 
lines for single-cross hybrids that are competitive with hybrids in the 
commercial market. 
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Modifications to Reciprocal Recurrent Selection 
Reciprocal recurrent selection is an effective procedure for 
interpopulation improvement. However, improvement of the populations 
per se has varied considerably (Hallauer and Miranda, 1988). 
Modifications to the procedure have been proposed after consideration of 
possible limitations. 
A computer simulation study, reported by Cress (1967), compared two 
modifications to the original reciprocal recurrent selection 
procedures. He concluded that the populations should be selfed one 
generation before making testcross families. However, the second 
modification, using the initial base populations as constant testers, 
was found to be inferior to using the latest cycle of the reciprocal 
population tester. 
Paterniani and Vencovsky (1978) argued that in reciprocal recurrent 
selection the production of testcross families is too labor intensive, 
the sampling of the tester is inadequate, and the effective population 
size is too small. Also, the procedure does not permit sufficient 
recombination between selected progenies, and too many years are 
required to complete one cycle of selection. The authors proposed a 
modification that samples the tester population more adequately and 
increases the effective population size. However, parental control is 
compromised with the modified procedure. 
In 1961, Schnell pointed out that reciprocal recurrent selection 
does not select for specific hybrid genotypes. Thus, the procedure does 
not make use of SCA to the extent of recurrent selection that uses an 
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inbred line tester. Therefore, reciprocal recurrent selection may not 
be superior to recurrent selection for SCA in a breeding program 
requiring the rapid output of better hybrids as well as long terra 
improvement of the populations themselves. 
Russell and Eberhart (1975) argued that the real value of 
reciprocal recurrent selection will not be widely accepted until the 
procedure is established as a source of usable inbred lines that will 
produce competitive single-cross hybrids. They proposed a modified 
procedure that utilizes inbred lines as reciprocal testers as a more 
efficient procedure for interpopulation improvement. The inbred tester 
for each population should be an elite line related to or derived from 
the reciprocal population to allow for complementary improvement in the 
two populations as in traditional reciprocal recurrent selection. The 
inbred testers should be able to improve the populations for GCA as well 
as SCA (Horner et al., 1973; Walejko and Russell, 1977; Zambezi et al., 
1986). Furthermore, the elite inbred testers would provide a means for 
early testing of specific crosses thus enabling quicker utility of new 
hybrid combinations to be used in the commercial industry. The inbred 
testers can be replaced as usable lines are developed from the 
appropriate population. 
Walejko and Russell (1977) and Sprague and Eberhart (1977) argued 
that inbred testers could be replaced without deleterious effects to 
improvement in the populations per se and population crosses. They 
indicated that a new tester may allow for selection at loci that have 
been unselected due to masking effects with the previous inbred 
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tester. Tanner and Smith (1987) support this argument showing steady 
improvement in the maize population, BSK, after eight cycles of half-sib 
recurrent selection despite four changes in the tester. A double-cross 
hybrid, la4652, was used as the tester for the first three selection 
cycles. The parent single-crosses of la4652, WF9 x W22 and B14Â x M14, 
were the testers for cycles four and five. The sixth cycle was improved 
using a low-yielding related line, Krug 755. Finally, B73, an elite 
unrelated inbred line, was the tester for cycles seven and eight. 
Based on theoretical considerations. Cornstock (1979) argued that 
reciprocal population testers would be slightly superior to reciprocal 
inbred line testers for interpopulation selection. He concluded that, 
on average, the rate of change in allelic frequencies in both 
populations of a reciprocal recurrent selection program will not be more 
rapid with the inbred tester procedure. He argued that a population 
tester would tend to have the appropriate gene frequencies to assure 
progress while the elite inbred testers are more likely to have gene 
frequencies that are not conducive to successful ing)rovement. 
Cramer and Kannenberg (1986) used computer simulation to compare 
reciprocal recurrent selection with population testers to the same 
procedure with inbred testers. When only additive gene action is 
involved, the inbred tester method is superior because of greater 
precision when measuring testcross means. However, population testers 
are superior with dominance and overdominance, even though the inbred 
testcross means are more precise. They concluded that population 
testers would be better than inbred testers in reciprocal recurrent 
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selection. 
Hallauer and Miranda (1988) summarized several recurrent selection 
evaluations and concluded that all methods are nearly equally effective 
for direct in^rovement. They suggest that the most important decision 
may be the population(s) from which selection will be initiated. After 
the population(s) is selected, the recurrent selection scheme that best 
fits into the overall breeding objective should be used. 
Inbred Lines vs Populations as Testers 
The arguments for and against the inbred modification to reciprocal 
recurrent selection (Russell and Eberhart, 1975) centers around the 
relative effectiveness of inbred lines and populations as testers. An 
elite inbred line is the best tester for identifying lines that will 
combine well with it to produce superior single-cross hybrids. However, 
improvement of the populations per se and population crosses, with 
either inbred or population testers, depends on the changes in allelic 
frequencies in the selection populations corresponding to testcross 
selections. 
Center and Alexander (1965) evaluated the testcross variability 
associated with sampling six to eight plants of a heterogeneous 
tester. They found highly significant differences among traits, 
including yield, caused by tester sampling. Such differences would make 
testcross evaluations extremely difficult and inaccurate because 
differences among testcrosses may be due to tester sampling, rather than 
to genetic differences among lines to be compared. They suggested that 
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a narrow-base tester may be more reliable, considering sampling errors 
associated with broad-base testers. 
Russell and Eberhart (1975) indicated that the inbred tester 
procedure may be more effective for interpopulation improvement because 
the variance among inbred testcross families can be greater than with 
the reciprocal population testers. However, this advantage depends on 
the gene frequencies of the tester. 
Matzinger (1953) reported a nuch wider range in testcross yield 
with inbred testers than with single-cross or double-cross testers. He 
suggested that inbred testers may allow for greater discrimination among 
testcross families. 
In 1962, Rawlings and Thompson used theoretical arguments to show 
the effect of tester gene frequency on testcross variation. Assuming no 
epistasis, the genetic variance among a particular set of testcrosses is 
directly proportional to [1 + (1 - 2r£)a£], where r^ is equal to the 
average gene frequency of the i*"^ locus for the tester and a^ is the 
measure of the degree of dominance at the i**^ locus. When dominance 
(a^) is equal to zero at all loci (i.e., no dominance), there is no 
effect of the tester gene frequency on genetic testcross variance. 
However, the variance among testcrosses increases as the level of 
dominance increases when the tester is homozygous for the recessive 
allele (r^ = 0) at all loci. With the homozygous dominant tester (r^ = 
1.0), the testcross variance decreases as the level of dominance 
increases to complete dominance (i.e., as a^^ increases from 0 to 1.0). 
The testcross variance increases, with the same tester, as overdominance 
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becomes more important (a^^ > 1.0). The variance among testcrosses is 
constant over all levels o£ dominance when a tester with intermediate 
gene frequencies (r^ = 0.5) is used. 
Horner et al. (1973) observed that recurrent selection with an 
inbred tester was nearly twice as effective as recurrent selection with 
the parent population tester. By using the theory of Rawlings and 
Thompson (1962), they hypothesized that the inbred tester, Fg, was 
homozygous recessive at many important loci, resulting in larger 
testcross variance estimates relative to testcrosses that used the 
parental tester, FS767. Ultimately, this may have resulted in the 
superior performance of the inbred tester procedure relative to the 
procedure that used the parental tester. Furthermore, they suggested 
that the inbreds, B14 and Uy, apparently have a gene frequency of zero 
at many loci resulting in their superior performance as testers in 
recurrent selection programs as described by Russell et al. (1973) and 
Sprague et al. (1959), respectively. 
Allison and Curnow (1966) provided theoretical evidence that the 
best tester locus for maximizing the mean yield in synthetic varieties 
is the recessive homozygote. When the additive genetic variance is 
greater than zero, they calculated that the change in the mean with 
various testers is: 
i 2 2 1. qod] when the tester is homozygous for the 
recessive, or unfavorable allele (P = 0 = aa). 
i 2 2 2. - 4pq Old] when the tester is homozygous for the dominant, 
or favorable allele (P = 1.0 = AA). 
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i 2 3. if the tester is the parental heterogeneous variety 
(P = p). 
In the tester, P equals the frequency of A, the dominant (or favorable) 
allele. The frequency of À in the selection population is p, q is the 
frequency of the recessive (or unfavorable) allele (a), a is equal to 
the average effect of the dominant allele (A), and the average level of 
dominance for the locus is d. The selection intensity is equal to i, a 
is the phenotypic standard deviation, and is the additive genetic 
variance in the population. By using the formula, Allison and Curnow 
compared the effects of different types of gene action. They concluded 
that the use of a tester with many homozygous dominant loci will cause a 
decrease in mean yield if overdominance is important. In this case, the 
parental heterogeneous variety would be the safer choice as a tester. 
Another heterogeneous tester would be better only if it is homozygous 
recessive at more of the important loci. However, any tester will 
increase yield if partial dominance is more important. 
If the best tester for improving populations is one that is 
homozygous recessive at all loci, it would be valuable to determine a 
criterion for identifying a good tester. Rawlings and Thompson (1962) 
reasoned that a low-yielding tester may have many homozygous recessive 
loci. They evaluated several testers and found that low-yielding 
testers were usually more efficient for discriminating among genotypes 
than were high-yielding testers. 
Allison and Curnow (1966) agreed with Rawlings and Thompson (1962) 
that low-yielding testers probably have many recessive loci. However, 
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they argued that a tester is specific to a particular population of 
genotypes. They insisted that a low-yielding tester would not be a good 
tester unless its low yield was due to a high frequency of recessive 
alleles at important loci in the selection population. 
Darrah et al. (1972) reported that a low-yielding inbred tester 
resulted in greater yield progress, after two cycles of recurrent 
selection, than three cycles of recurrent selection with a low-yielding 
population tester or the population per se tester. The variance among 
inbred testcrosses was twice as large as when the heterogeneous 
population testers were used. However, different results were reported 
by Darrah (1985) after four cycles of selection with the inbred tester 
and five cycles with both types of population testers. A significant 
yield decrease was observed by using the inbred tester (-1.02% cycle**^), 
while significant increases occurred by using the population per se 
(1.6% cycle"^) and the low-yielding population tester (1.56% cycle"^). 
The yield decrease was attributed to decreases in days to flowering and 
ear height. 
Hallauer and Lopez-Perez (1979) evaluated five testers when crossed 
to unselected lines from Iowa Stiff Stalk Synthetic (BSSS). The five 
testers were: (1) the parental population, BSSS; (2) BS13(S)C1, a BSSS 
population improved by seven cycles of half-sib recurrent selection and 
one cycle of S2 recurrent selection; (3) BSSS-222, a low-yielding inbred 
line from BSSS; (4) B73, a related elite inbred line from the fifth 
cycle of half-sib selection in BSSS; and (5) an unrelated elite inbred 
line, Hol7, that combines well with B73 and other stiff stalk 
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material. The relative amounts of genetic variance among testcross 
families for each tester were compared to results based on expected 
differences in tester gene frequencies for favorable alleles. Among the 
related testers, B73 was expected to have the highest frequency of 
favorable alleles resulting in the lowest variance among testcrosses. 
BS13(S)C1, BSSS, and BSSS-222 should follow in descending order of 
expected frequency of favorable alleles and ascending order of expected 
testcross variance. In general, the order of testcross variance agreed 
with the expected results, thus supporting the theory that the best 
tester for discriminating among genotypes is one with fewer favorable 
loci. 
Comstock (1979) presented theoretical evidence to compare 
reciprocal recurrent selection with inbred lines or populations as 
testers in terms of expected change in gene frequency based on testcross 
progeny selection. He showed that the variance among testcrosses can be 
as much as two times greater with inbred rather than population 
testers. However, he insisted that the better procedure (or tester) 
will be the one that will increase the frequency of favorable alleles in 
the selection population more quickly. 
In the model presented, Comstock assumed no epistasis, linkage 
equilibrium, and Hardy-Ueinberg frequency of genotypes in both 
populations under reciprocal selection. He derived the expected change 
in the frequency of an allele, E(Aq), after one cycle of selection as: 
k E(Aq) (T^qx 
where k is equal to (x - x)/o , the standard selection differential for 
32 
the testcross progenies, is the phenotypic standard deviation among 
testcross progenies, and 0^^ is the covariance between the frequency of 
the allele (q) in the selection population and the mean of a testcross 
progeny (X). If the genetic variance among testcrosses is larger when 
the inbred testers are used, the phenotypic standard deviation (o^.) 
would be larger as well. Therefore, Cornstock reasoned that a greater 
increase in the covariance between the allele and the testcross mean 
(Oq^) is required if the expected change in allelic frequency is to be 
greater when an inbred line tester is used. 
When there is linkage equilibrium in the selection population and 
the testcross progenies are randomized during field evaluations. 
Corns tock showed that is equal to ®qy» the covariance between the 
allelic frequency and the average additional effect of the genotype at 
that locus of the testcross progeny. Based on binomial probabilities, 
he demonstrated that with a reciprocal population tester is, on 
average, equal to when the inbred tester is derived from the 
reciprocal population. The probability of deriving a line from the 
reciprocal population that is homozygous for any allele is equal to the 
frequency of that allele in the population. Therefore, the average 
expected change in allelic frequency in populations undergoing 
reciprocal recurrent selection will not be more rapid when reciprocal 
inbred testers are used. Furthermore, Cornstock pointed out that the 
population testers may be slightly superior because the variance of the 
expected change in allelic frequency is less than when an inbred tester 
is used; thus, the probability of fixing the favorable allele in the 
33 
population is greater with population testers. 
Walejko and Russell (1977) provided indirect evidence that 
reciprocal recurrent selection with inbred testers may be effective for 
improving the interpopulation cross. They observed a significant yield 
advantage in the C5 x C5 cross between Alph and Kolkmeier maize 
synthetics (7.93 Mg ha~^) relative to the CO x CO cross (4.76 Mg 
ha ^). Likewise, the crosses between the maize synthetics, Alph and 
Lancaster, showed significant yield improvement from CO x CO (5.36 Mg 
ha to C5 X C5 (7.57 Mg ha"^). Both Kolkmeier and Lancaster underwent 
five cycles of recurrent selection with the inbred tester, Hy, and Alph 
was iiiq>roved by the same procedure with B14 as the inbred tester 
(Russell et al., 1973). However, neither Alph and Kolkmeier nor Alph 
and Lancaster were improved by the traditional reciprocal recurrent ' 
selection procedure to provide a direct comparison of the two schemes. 
Blackburn (1988) evaluated direct yield response in two maize 
synthetics, BS21 and BS22, after three cycles of reciprocal recurrent 
selection with reciprocal population testers (RRS) and the same 
procedure with inbred testers (RRSI). In the inbred method, A632 was 
the inbred tester for BS21 and H99 was the inbred tester for BS22. The 
direct yield response, BS21(R)CN x BS22(R)CN, in the RRS program was 
highly significant at 2.6 q ha"^ cycle~^. However, the populations 
improved by RRSI showed no significant improvement in the crosses, 
BS21(A632H1)CN x A632 and BS22(H99H1)CN x H99. The direct comparison 
between the two procedures for interpopulation improvement, BS21(R)CN x 
BS22(R)CN vs BS21(A632HI)CN x BS22(H99HI)CN, was not made. 
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Horner et al. (1989) evaluated four cycles of reciprocal recurrent 
selection in which an S2 line derived from population FS8A was the 
tester for S2 lines from population FS8B and vice versa. Selection was 
effective for improving both populations when crossed to their 
respective S2 line testers. Furthermore, yield improvement of FS8ACN x 
BS8BCN was highly significant at 0.37 Mg ha~^ cycle"^, indicating that 
the reciprocal inbred testers can be effective for complementary 
interpopulation improvement. However, the traditional reciprocal 
recurrent selection procedure (reciprocal population testers) was not 
used with FS8A and FS8B; consequently, a direct comparison between the 
two procedures could not be made. 
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MATERIALS AND METHODS 
Genetic Materials 
The materials evaluated in this study included the original and 
improved synthetic maize populations of BS21 and BS22. BS21 was formed 
by intermating two synthetics, BS5 and BS20 (originally 'Iowa Late Corn 
Rootworm Synthetic'). Twenty-three elite inbred lines were recombined 
to form BS5 and 12 were used to form BS20. BS22 (originally 'Iowa Early 
Synthetic') was formed by recombining 16 inbred lines. Table 1 lists 
the inbred lines used to form the base populations. 
Two reciprocal recurrent selection programs were initiated 
simultaneously with BS21 and BS22. BS21(R)CN and BS22(R)CN were used 
reciprocally as testers for each other as in the procedure described by 
Comstock et al. (1949). In the second program, A632, an inbred line 
related to BS22, was used to test SQ plants of BS21(A632HI)CN while the 
tester for BS22(H99HI)CN was H99, an inbred line with minor relation to 
BS21. It will be noted that there is also some relationship between 
BS21 and BS22. This modification to the procedure described by Comstock 
et al. (1949) is similar to the procedure described by Russell and 
Eberhart (1975) where it was proposed that an inbred line extracted from 
one population is used as a tester for a second population and vice 
versa. Eventually, inbred lines from BS21(A632HI)CN and BS22(H99HI)CN 
could replace A632 and H99, respectively, as inbred testers for the 
populations. 
Three years are necessary to complete each cycle for each of the 
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Table 1. Inbred lines combined to form BS21 (BS5 x BS20) and BS22 
synthetic populations 
Synthetic population 
BS21 
BS5 BS20 BS22 
A265 A73 A619 
Â548 B14A A632 
A554 B53 B55 
A575 B57 B68 
A619 B64 C123 
B8 B67 Ch9 
Ch9 B69 CM37 
F2 HD2286 (CMV3 X B14)B14-sel 
F7 N6 M14 
F47 N28 Mol 7 
F49 RlOl Ms214 
F52 38-11 Pa884P 
F431 SDIO 
Mt42 SD15 
ND203 Va43 
WD W153R 
WH 
WJ 
W9 
W59M 
W97A 
W75 
WI53R 
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two reciprocal recurrent selection procedures, including two seasons of 
random mating within one year. The second season is accomplished at a 
winter nursery in Hawaii. The breeding of materials was divided into 
three groups, BS22(H99HI), BS21(A632HI), and BS21(R)/BS22(R), to 
distribute the work and test load more evenly. Each group was handled 
in separate years from the standpoint of forming testcross families, 
evaluation, and random mating. Table 2 is a flowchart showing the 
staggered breeding procedure used to generate genetic material needed 
for this study. The procedure used to complete each cycle of selection 
is as follows: 
Year 1 — 300 testcross families produced 
200-220 testcross families harvested after selection for 
plant and ear types, and sufficient seed quantity 
Year 2 — Evaluation of testcross families and checks; 
15 X 15 lattice, 2 replications, 3 environments 
Selection intensity - 10% ( 20-22 lines) 
Year 3 — Random mating 
Summer: Bulk entry diallel (modified from Eberhart et 
al., 1967) 
Winter: Bulk random mating (Hawaii) 
In 1976, the winter nursery in Florida was lost due to frost; therefore, 
a composite sample from the bulk entry diallel was used to form the 
testcross families to avoid losing a year in the staggered program. 
However, the second season of random mating was completed by using 
remnant seed from the bulk entry diallel to provide an adequate sample 
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Table 2. Staggered procedures used in the BS21/BS22 interpopulation 
improvement programs 
Year 
Genetic material 
BS22(H99H1} BS21(A632HI) BS21(R)/BS22(R) 
1974 CO X H99* — —— 
1975 Evaluation^ CO X A632 ——— 
1976 Random mating®**^ Evaluation CO X CO 
1977 CI X H99® Random mating Evaluation 
1978 Evaluation CI X A632 Random mating 
1979 Random mating Evaluation CI X CI 
1980 C2 X H99 Random mating Evaluation 
1981 Evaluation C2 af Random mating 
1982 Random mating C2-S1 lines x A6328 C2 X C2 
1983 C3 X H99 Eval./Random mating^ Evaluation 
1984. Evaluation C3 X A632® Random mating 
1985 Random mating Evaluation C3 X C3 
1986 C4 X H99 Random mating Evaluation 
1987 Evaluation C4 X A632 Random mating 
*300 testcross families produced. 
^Approximately 220 families tested, 15 x 15 lattice, 2 
replications, 3 environments, selection intensity - 10%. 
^Two seasons random mating — season 1: bulk entry diallel; season 
2: bulk random mating in winter nursery. 
^Lost winter nursery in Florida due to frost. 
^Produced with composite sample from bulk entry diallel. 
^Missed nick with tester. 
^Produced in isolated crossing nursery. 
^Bulk entry diallel in winter nursery. 
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of BS22(H99H1)C1. In 1981, tesCcross families were not made because 
flowering between the tester and BS21(A632HI)C2 did not synchronize. 
lines from BS21(A632HI)C2 were crossed to the tester in an isolated 
crossing nursery; the lines were detasseled and pollen was supplied 
by the tester. The opportunity for selection among and within lines 
was utilized. The evaluation and random mating occurred within the same 
year; consequently, a composite sample from the bulk entry diallel was 
used to produce testcross families in 1984. A second season of random 
mating was completed by using a remnant sample from the bulk entry 
diallel to provide an adequate sample of BS21(A632H1)C3. 
At least 20 lines were selected for recombination based on their 
testcross performance for machine-harvested grain yield, grain moisture, 
root lodging, and stalk lodging. The following selection index, as 
described by Smith et al. (1981), was incorporated into the selection 
process in 1980: 
S.I. =» AYh^ - AMh^ + Ah^dOO-RTIT) + Ah^(100-S.L. ) 
where 
S.I. = selection index value; 
A = weighting factor relative to genotypic worth of the trait 
(= 1 for all traits in this study); 
h^ = heritability on a progeny mean basis; 
Y = mean machine-harvested grain yield; 
M = mean percentage of grain moisture; 
R.L. = mean percentage of root lodging; and 
S.L. = mean percentage of stalk lodging. 
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The combined means over all environments were used to select lines to 
make the next cycle population. However, means from individual 
environments were considered when significant genotype-by-environment 
interaction existed. Table 3 shows the number of lines evaluated, 
number selected, expected testcross gains, and heritability estimates 
for all cycles of selection. 
The CO, Cl, C2, and C3 populations from BS21(R), BS22(R), 
BS21(A632H1), and BS22(H99HI) were available for evaluation in this 
study. The R designates reciprocal recurrent selection by using 
population testers and HI designates half-sib recurrent selection by 
using inbred testers in modified reciprocal recurrent selection. In 
1985, seed of the populations per se and population testcrosses for 
Experiments 14 and 15 of this study was produced in the summer breeding 
nursery near Ames, Iowa. At least 100 plants from each cycle population 
were random-mated to reproduce the populations per se. The population 
testcrosses were produced in paired rows by using at least 100 plants 
from each cycle population and tester. Every plant was sampled once, as 
a male or female, to avoid confounding effects caused by sampling 
differences. 
All genetic materials used in Experiments 14 and 15 are shown in 
Table 4. The base populations, BS21C0 and BS22C0, and several 
testcrosses involving these base populations were included more than 
once for ease of statistical analysis. Four single-cross hybrids, A632 
X H99, A239 x A632, A239 x H99, and B87 x H99, were included as checks 
to bring the total number of entries to 100. However, the crosses of 
Table 3. Number of lines tested, number of lines selected, cumulative 
inbreeding coefficient, heritability estimates, and expected 
testcross gains for each cycle of selection in BS22(H99HI), 
BS21(A632HI), BS21(R), and BS22(R) populations* 
Population 
Cycle of 
selection 
Number 
of lines 
tested 
Number 
of lines 
selected 
Cumulative 
inbreeding 
coefficient 
Yield 
Expected 
h^ gain 
% % Mg ha"l 
BS22(H99HI) 1 204 20 2.4 52.4 0.36 
2 197 20 4.8 42.7 0.32 
3 221 22 6.9 51.0 0.41 
BS21(A632HI) 1 219 20 2.4 62.2 0.70 
2 217 22 4.6 63.7 0.44 
3 219 22 6.7 51.6 0.32 
BS21(R) 1 176 20 2.4 66.8 0.55 
2 208 21 4.7 59.0 0.45 
3 206 22 6.8 55.1 0.34 
BS22(R) 1 190 20 2.4 64.0 0.53 
2 208 21 4.7 58.0 0.42 
3 221 22 6.8 62.4 0.48 
^Source: W. A. Russell. 1975, 1976, 1977, 1978, 1979, 1980, 1981, 
1983. Unpublished Maize Breeding Research Project Annual Reports. 
Department of Agronomy, Iowa State University, Ames, lA. 
= TièiTT ' (2N+l)i ^t-1' "here is the coefficient of 
inbreeding in the t cycle or selection and N is the effective 
population size (Falconer, 1981). 
^Trait was not considered due to a lack of expression. 
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Moisture Root lodging Stalk lodging 
h2 
Expected 
gain h2 
Expected 
gain h2 
Expected 
gain 
76.5 
63.7 
67.0 
-0.5 
0.2 
0.1 
54.4 
23.3 
46.0 
-3.9 
-1.8 
-0.1 
c 
37.1 
41.0 
__c 
-0.1 
-0.2 
61.0 
70.7 
61.3 
0.1 
0.0 
-0.1 
__c 
65.5 
58.5 
__c 
-3.1 
-0.6 
47.9 
68.2 
31.4 
-0.9 
-1.9 
-0.9 
78.7 
67.0 
76.0 
0.0 
-0.1 
0.0 
26.8 
69.0 
33.9 
-0.3 
-11.2 
-0.1 
70.5 
61.0 
64.9 
-4.7 
-0.6 
-1.9 
84.6 
69.0 
67.0 
-0.1 
-0.2 
0.3 
43.8 
66.0 
40.2 
-0.4 
-6.5 
-0.2 
66.9 
57.0 
62.0 
-3.9 
-0.5 
-2.2 
Table 4. Genetic materials used in Experiments 14 and 15* 
Populations per se 
Tes ter 
BS21 
CO 
BS21(A632HI) BS21(R) BS22 BS22(a99HI) BS22(R) 
CI C2 C3 CI C2 C3 CO CI C2 C3 CI C2 C3 
BS21C0 3** 
BS21(A632HI)C1 1 1 
BS21(A632H1)C2 1 1 
BS21(A632HI)C3 1 1 
BS21(R)C1 1 1 1 
BS21(R)C2 1 1 1 
BS21(R)C3 1 1 1 
BS22C0 4C 1 1 1 1 1 1  3  
BS22(H99H1)C1 1 1<= 1 1 1 
BS22(H99U1)C2 1 1^ 1 1 1 
BS22(H99H1)C3 1 , c 1 1 1 
BS22(R)C1 1 1 1 1 1 1 
BS22(R)C2 1 1 1 1 1 1 
BS22(R)C3 1 1 1 1 1 1 
A632 2 1 1 1 1 1 1  
H99 2 1 1 1 1 1 1 
A239 2 1 1 1 1 1 1  2  1 1 1 1 1 1 
*The single checks: A632 x H99, A239 x A632, A239 x U99, and B87 x H99 were included twice in 
1987 environments and once in 1988 environments to bring the total number of entries to 100. 
^Numerical value represents the number of times included in the experiment. 
CQnly three BS21C0 x BS22C0 and no BS21(A632H1)CN x BS22(H99U1)CN were included in 1987 
environments (Experiments 70114, 70214, 71014, 71114, 70515, and 71215). 
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BS21(Â632H1)CN X BS22(H99H1)CN were not produced until 1987 and, 
consequently, they could not be included in the experiments during 
1987. Therefore, the four single-cross hybrids were included twice to 
provide 100 entries in the 1987 test. The BS21(A632H1)CN x 
BS22(H99H1)CN crosses were added to Experiments 14 and 15 for evaluation 
in 1988. 
The genetic materials used in Experiment 25 are listed in Table 
5. Seed for entries 1 through 20 are, from the same 1985 seed source 
that was used in Experiments 14 and 15. In 1987, approximately 100 
plants from the base populations, BS21C0 and BS22C0, and from the C3 
populations of BS21(Â632HI), BS22(H99HI), BS21(R), and BS22(R) were 
selfed in the nursery near Ames. Bulks of the seed were produced 
from these six population groups and included in Experiment 25 as 
entries 21 through 28. Duplicate entries of BS21C0, BS22C0, BS21C0-
selfed, and BS22C0-selfed were used for ease of statistical analysis. 
Field Procedures 
Experiment 14 
This experiment was grown in 1987 and 1988 to measure the same 
agronomic traits considered during the evaluation of testcross families 
in the recurrent selection programs. In 1987, the experiment was grown 
at the Iowa State University experiment stations near Sutherland, 
Kanawha, and Nashua. These environments were designated 70114, 70214, 
and 71014, respectively. Â fourth environment, 71114, was grown at 
Cargill Research Inc. near Belmond, Iowa. The same four locations were 
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Table 5. Listing of genetic materials used in Experiment 25 and their 
respective entry numbers. 
Genetic material Entry number 
BS21C0 1 
BS21(Â632H1)C1 2 
BS21(A632HI)C2 3 
BS21(Â632HI)C3 4 
BS22C0 5 
BS22(H99H1)C1 6 
BS22(H99HI)C2 7 
BS22(H99HI)C3 8 
BS21C0 9 
BS21(R)C1 10 
BS21(R)C2 11 
BS21(R)C3 12 
BS22C0 13 
BS22(R)C1 14 
BS22(R)C2 15 
BS22(R)C3 16 
BS21C0 X BS21(A632HI)C3 17 
BS22C0 X BS22(H99H1)C3 18 
BS21C0 X BS21(R)C3 19 
BS22C0 X BS22(R)C3 20 
BS21C0-selfed 21 
BS21(A632Hl)C3-selfed 22 
BS22C0-selfed 23 
BS22(H99Hl)C3-selfed 24 
BS21C0-selfed 25 
BS21(R)C3-selfed 26 
BS22C0-selfed 27 
BS22(R)C3-selfed 28 
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used in 1988 and designated 80114, 80214, 81014, and 81114, 
respectively. However, the environment, 81114, near Belmond, Iowa, was 
discarded due to drought effects during the 1988 growing season. Two-
row plots were used with 76 cm between rows and a plot length of 518 cm 
at all environments except 81114 where the plots were 640 cm long. The 
experimental design was a 10 x 10 triple lattice. 
All environments used in Experiment 14 were planted and harvested 
by machine. The plots were overplanted and thinned to obtain equal 
dispersion of plants and a final stand density of approximately 65,000 
plants ha~^. Data were collected on all plots for: 
(1) Yield — weight of grain (g) harvested by combine, later 
adjusted to 15.5% grain moisture and converted to Mg ha~^: 
(2) Moisture — percentage of grain moisture measured in a Burrows 
moisture meter on the combine; 
(3) Stand — number of plants per plot, converted to the nearest 
thousand plants ha~^; 
(4) Root lodging — number of plants in a plot leaning greater than 
30° from the vertical, converted to a percent; 
(5) Stalk lodging — number of plants broken below the primary ear, 
converted to a percent; and 
(6) Dropped ears — number of ears detached from the plants in a 
plot, converted to a percent. 
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Experiment 15 
This experiment was grown at environments 70515, 71215, 80515, and 
81215. Environments 70515 and 80515 were planted at the Agronomy and 
Agricultural Engineering Research Center near Ames, Iowa, during 1987 
and 1988, respectively. The Atomic Energy Farm near Ames, Iowa, was the 
site of environment 71215 in 1987, and environemnt 81215 was grown.at 
the Iowa State University experiment station near Kanawha in 1988. The 
experimental design was the same as in Experiment 14 (10 x 10 triple 
lattice), but one-row plots were used. All plots were overplanted by 
machine and thinned to obtain equal dispersion of plants and a uniform 
stand density of approximately 60,000 plants ha~^. 
In environments 70515, 71215, and 80515, plant data were collected 
on all plots for: 
(1) Days to anthesis — the number of days from June 1 until 50% of 
the plants were showing extrusion of anthers; 
(2) Days to silk — the number of days from June 1 until 50% of the 
plants showed exsertion of silk; 
(3) Pollen-silk interval — calculated by substracting the days to 
anthesis from the days to silk and then adding 10 to avoid any 
numbers less than or equal to zero; 
(4) Plant height — the distance from the soil surface to the flag 
leaf collar, measured to the nearest cm on five competitive 
plants; and 
(5) Ear height — the distance from the soil surface to the node of 
the primary ear, measured to the nearest cm on five competitive 
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plants. 
Anthesis and silk emergence data were not taken at environment 81215. 
All environments (70515, 71215, 80515, and 81215) were harvested to 
measure changes in ear traits over cycles of selection. Ears from 10 
competitive plants were hand-harvested from each plot, keeping second 
ears separate from primary ears, and artifically dried in gas dryers at 
approximately 60°C for 3 days. Ear data were recorded on all plots for: 
(1) Ears per plant — the total number of ears harvested divided by 
the number of plants harvested, including barren plants; 
(2) Ear length — the total length of all ears harvested divided by 
the number of plants harvested, measured to the nearest 0.5 cm; 
(3) Ear diameter — the total diameter of primary ears divided by 
the number of primary ears harvested, measured to the nearest 
0.5 cm; 
(4) Cob diameter — the total cob diameter of primary ears divided 
by the number of primary ears harvested, measured to the 
nearest 0.5 cm; 
(5) Kernel depth — the difference between ear diameter and cob 
diameter divided by two; 
(6) Number of kernel rows — the total number of kernel rows on 
primary ears divided by the number of primary ears harvested; 
(7) Kernel weight — the weight of a 300-kernel sample recorded to 
the nearest 0.1 g; and 
(8) Yield — the weight of the shelled grain per plot measured to 
the nearest gram and converted to Mg ha~^. 
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Experiment 25 
Experiment 25 was grown at four Iowa locations in 1988. Near Ames, 
environments 80525 and 81225 were planted at the Agronomy and 
Agricultural Engineering Research Center and the Atomic Energy Farm, 
respectively. The Iowa State experiment stations near Kanawha (80225) 
and Nashua (81025) were the sites for the remaining two environments. 
Plot dimensions and treatments were identical to those of Experiment 
15. All data described for Experiment 15 were collected at every 
environment except days to anthesis, days to silk, and pollen-silk 
interval, which were recorded only at environments 80525 and 81225. The 
experimental design was a randomized complete block with restricted 
randomization to avoid competitive differences between inbred and 
noninbred materials. The SQ genotypes (noninbred populations per se and 
crosses) and bulks (inbred populations) were randomized separately 
into five replications each. The two sets of five replications were 
planted side-by-side with inbred and noninbred border rows planted 
between them with the assumption that the effects of variability among 
sets would be of lesser importance, because of the relatively small 
experiment size (28 entries), than the effects of inbred and noninbred 
competition. 
Analysis of Field Data 
Experiments 14 and 15 
A 10 X 10 triple lattice design with 100 entries was used at all 
environments in these experiments. Data collected on each character 
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were first analyzed at each environment by using the following model: 
Yijk =« y + Ri + (B/R)ij + Gjc + «ijk , 
where 
Yijk = observed value in the ijk^^ plot; 
p = overall mean; 
R£ = effect of the i^^ replication (i = 1, 2, 3); 
(B/R)ij ~ effect of the incomplete block within the i'^ 
replication (j = 1, ... 10); 
Gjj = effect of the k**^ entry (k = 1, ... 100); and 
e^jjj = intrablock error associated with the ijk*"^ observation. 
The analysis of variance computed from this model is shown in Table 6. 
The effective error mean square was calculated by using the following 
formula (Cochran and Cox, 1957): 
, /ib" * 
(k - l)(rk - k - 1) ' 
where 
(Eg - E;g) 
y = tt(|. - Be * ® weighting factor used to adjust entry totals; 
B 
Eg = blocks (rep) mean square; and 
Eig = intrablock error mean square. 
The effects of entries were tested with the effective error mean square 
if the block (rep) mean square was greater than the intrablock error 
mean square; otherwise, the randomized block error mean square was used. 
Two combined analyses of variance were required for this experiment 
because four entries included in the 1988 test were not used during the 
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Table 6. Analysis of variance of a triple lattice design for a trait at 
one environment 
Source df E(MS) 
Replications (rep) (r-1)* 
Entries 0^ + rK^ 
Unadjusted (k^-l) 
Adjusted 
Blocks (rep) r(k-l) 
Error 
Intrablock (k-l)(rk-k-l) 
Randomized block (r-l)(k2-l) 
Effective (k-l)(rk-k-l) 
®r = number of replications 
incomplete block. 
, and k =» number of entries per 
test in 1987. In one analysis. the adjusted entry means from 
environments 80114, 80214, and 81014 were used to calculate the analysis 
of variance combined over all 1988 environments. The second combined 
analysis included data from the four 1987 environments (70114, 70214, 
71014, and 71114) as well as the three sites grown in 1988. The 
analysis of variance combined over these seven environments was computed 
with adjusted means from only those entries that were included in both 
years of testing. Furthermore, none of the four single-cross checks 
were included in the analysis, and the means of the duplicate entries 
were pooled. These adjustments resulted in a total of 82 entries for 
the analysis. The pooled error mean square in the analysis of variance 
combined over the seven environments was calculated by summing the 
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appropriate error sums of squares from the individual environment 
analyses (effective error or randomized block error) and dividing this 
pooled error sums of squares by the pooled error degrees of freedom. 
This created a slightly biased error estimate relative to the number of 
entries in the analysis. However, the effects of the confounding on the 
analysis is assumed to be negligible because most of the original data 
set remained intact. 
A third analysis of variance was computed with adjusted entry means 
from only the four 1987 environments (70114, 70214, 71014, and 71114) 
because of the severe drought that occurred in 1988. This analysis 
combined over all 1987 environments was used with the other two combined 
analyses (combined over 1988 data and combined over 1987 and 1988) and 
the analyses of individual environments as an indirect measure of the 
value of the data collected during 1988. Apparently, some traits seemed 
better able to adjust to the drought conditions with respect to plot-to-
plot variability and effect on genotype-by-environment interaction. 
Consequently, the traits, obviously affected by drought, were analyzed 
by using only the 1987 combined data. 
The three analyses of variance combined over four 1987 
environments, three 1988 environments, and seven 1987 and 1988 
environments were produced according to the following model: 
*ijk = M + + (R/E)ij + + (GE)ik + e^jj^ 
where 
*ijk ^ observed value of the ijk^h plot; 
p = overall mean; 
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E£ = effect of the environment (i = 1, ... 4; i = 1, 2, 3; 
or i = 1, ... 7); 
(R/E)£j = effect of the replication within the i^^ environment 
(j = 1, 2, 3); 
Gjj = effect of the entry (k = 1, ... 100 or k = 1, ... 
82) ;  
(GE)ij^ = effect of the interaction between the k*"^ entry and the 
i*"^ environment; and 
®ijk pooled experimental error. 
Table 7 shows the analysis of variance table obtained from this model. 
Environments were treated as random and entries were treated as fixed 
effects in all analyses. 
Table 7. Analysis of variance for a trait, combined over environments 
Source df E(MS) 
Environments (env) (e-1)* 
Rep1ications/env (r-l)e 
Entries (g-1) 2 2 2 
Entries x env (g-l)(e-l) 
Pooled error** 
^e = number of environments, r = number of replications, and g = 
number of entries. 
^Degrees of freedom will vary among traits depending on the 
efficiency of the lattice design. 
54 
The least significant difference (LSD) was calculated for all 
traits to test the comparisons among entry means. The formula for the 
LSDs among means is: 
where 
'•(o.df) ~ tabular t value for the appropriate level of significance 
(a) and degrees of freedom (df); 
= estimate of experimental error variance; and 
r = number of observations per entry mean. 
LSD values were calculated at the 0.05 level of significance. 
Regression procedures were used to partition the entries sums of 
squares to access changes in trait means over cycles of selection. The 
CO, CI, C2, and C3 populations per se and crosses were separated into 
seven regression groups based on common CO genotypes. The regression 
groups and their component entries are shown in Table 8. The sums of 
squares for each regression group was partitioned into sums of squares 
for linear and quadratic regressions according to the least squares 
procedure of Eberhart (1964). The linear and quadratic sums of squares 
were further subdivided into sums of squares for average response and 
difference between responses (among b's). For example, BS21 Group 
(Table 8) has five regression lines to be calculated. The sums of 
squares for average linear measures the linear response of BS21 Group 
when all five regression lines are considered, while the among linear 
sums of squares is used to test whether one or more of the five 
regression lines are different. Estimates of linear and quadratic 
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Table 8. Regression groups and component entries used for regression 
analysis 
Regression group Component entries 
BS21 Group BS21C0 
BS21(A632HI)CN* 
BS21(R)CN 
BS21(A632H1)CN x BS21C0 
BS21(R)CN X BS21C0 
BS21(R)CN X BS21(Â632H1)CN 
BS22 Group BS22C0 
BS22(H99H1)CN 
BS22(R)CN 
BS22(H99H1)CN x BS22C0 
BS22(R)CN X BS22C0 
BS22(R)CN X BS22(H99HI)CN 
BS21 X A632 Group BS21C0 X Â632 
BS21(A632HI)CN x Â632 
BS21(R)CN X À632 
BS21 X Â239 Group BS21C0 X Â239 
BS21(A632HI)CN x A239 
BS21(R)CN X A239 
BS22 X H99 Group BS22C0 X H99 
BS22(H99H1)CN x H99 
BS22(R)CN X H99 
BS22 X A239 Group BS22C0 X A239 
BS22(H99H1)CN x A239 
BS22(R)CN X A239 
BS21 X BS22 Group BS21C0 X BS22C0 
BS21(R)CN X BS22(R)CN 
BS21(R)CN X BS22(H99HI)CN 
BS21(A632H1)CN x BS22(R)CN 
BS21(A632HI)CN x BS22(H99HI)CN° 
BS21(A632H1)CN x BS22C0 
BS21(R)CN X BS22C0 
BS22(H99H1)CN x BS21C0 
BS22(R)CN X BS21C0 
^CN = CI, C2, and C3 cycle populations. 
^Not included in 1987 environments. 
56 
regression coefficients were obtained for each CO to C3 entry group from 
two regression models (linear and quadratic). The linear and average 
linear regression models, for each regression group, are: 
Yij = bg + bi jCij + e-
and 
Yij = bg + bjC^j + e^j , 
where 
Yij = observed value of the ij*"^ entry; 
bg = common intercept; 
b|j = linear regression coefficient for the CO to C3 entry 
group (j = 1, ... 4; j = 1, 2; j = 1, ... 7; or j = 1, ... 8 
depending on the regression group and the year of analysis); 
C£j = i*"^ cycle of selection of the CO to C3 entry group (i = 
0, ... 3); 
b^ = average linear regression coefficient; and 
^ij " deviation from regression. 
The quadratic and average quadratic regression models fitted to each 
regression group are: 
Yij = bg + bjjCij + bgjC^j + Bij 
and 
Yij = bg + bjCij + bgC^j + Bij , 
where 
Yij = observed value of the ij^^ entry; 
bg = common intercept; 
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bjj = linear regression coefficient for the CO to C3 entry 
group (j = 1, ... 4; j = 1, 2; j = 1, ... 7; or j = 1, ... 
8 ) ;  
b2j = quadratic regression coefficient for the CO to C3 entry 
group; 
C£j = i*"^ cycle of selection in the CO to C3 entry group (i = 
0, ... 3); 
C^j = square of the i^^ cycle of selection in the CO to C3 
entry group (i = 0, ... 9); 
bj^ = average linear regression coefficient; 
b2 = average quadratic regression coefficient; and 
^ij ^  deviation from regression. 
The sums of squares among linear and among quadratic regressions were 
calculated by subtracting the average linear sums of squares from the 
linear sums of squares and the average quadratic sums of squares from 
the quadratic sums of squares. The sums of squares for the regression 
groups, linear and quadratic regressions, average linear and average 
quadratic regressions, among linear and among quadratic regressions, and 
the sums of squares from the combined analysis of variance (Table 7) 
were combined to produce the analysis of variance table shown in Table 9. 
The pooled error was used to test the interaction of the entries x 
environment. If the entries x environment interaction was significant, 
this mean square was used to test the entries mean square and the 
partitions of entries. The pooled error was used to test entries and 
the partitions if the entries x environment interaction was not 
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Table 9. Analysis of variance combined over environments for a trait 
with the main effect of entries partitioned 
Source df® E(MS) 
Environments (env) (e-1) 
Replications/env e(r-l) 
2 2 2 Entries Cent) (g-1) o + ro^g + reK^ 
BS21 Group (gi-l) + rOp _ + reK^ 
GJE 
2 2 2 Linear (L) m o + rcj_ _ + reK 
Ave L 1 
Among L (m-1) 
Ave Q 1 
Among Q (mrl) 
Ave Q 1 
Among Q (m-1) 
2 2 2 Quadratic (Q) m o + ro. _ + reK 
=1," "iq 
2 2 2 
Deviation m o + ra„ „ + reK-
®ld^ ®ld 
BS22 Group (g,-l) + ro? „ + reK^ 
G2E Gg 
2 2 2 
Linear m o + ro_ „ + reK. 
°2&^ SA 
Ave L 1 
Among L (mrl) 
2 2 2 Quadratic m 0 + rOg g + reK^ 
2q" "2q 
2 2 2 
Deviation m a + ro_ _ + reK. 
°2d^ ®2d 
®e = number of environments, r = number of replications, g = number 
of entries, g£ = number of entries per i regression group (i = 1, ... 
7), and m = number of CO to C3 entry groups (regression lines) in the 
regression group. 
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Table 9. (Continued) 
Source dV E(MS) 
BS21 X A632 Group 
Linear 
Ave L 
Among L 
Quadratic 
Ave Q 
Among Q 
Deviation 
BS21 X A239 Group 
Linear 
Ave L 
Among L 
Quadratic 
Ave Q 
Among Q 
Deviation 
(gg-l) 
m 
1 
(m-1) 
m 
1 
(m-1) 
m 
(84-1) 
m 
1 
(m-1) 
m 
1 
(m-1) 
m 
2 2 2 
* + + rsKc, 
2 2 2 
2 2 2 
3q 3q 
2 2 2 
* "m * "=4, 
4 4 
2 2 2 
2 2 2 
2 2 2 
Table 9. (Continued) 
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Source dr E(MS) 
BS22 X H99 Group 
Linear 
Ave L 
Among L 
Quadratic 
Ave Q 
Among Q 
Deviation 
BS22 X A239 Group 
Linear 
Ave L 
Among L 
Quadratic 
Ave Q 
Among Q 
Deviation 
(gg-l) 
m 
1 
(m-1 ) 
m 
1 
(m-1 ) 
m 
(g6-l) 
m 
(m-1 ) 
m 
1 
(m-1 ) 
2 2 2 
^ + '«GgE + rsKd, 
2 2 2 
2 2 2 
5q 5q 
2 2 2 
* ""GJ 
2 2 2 
m 
2 2 2 
2 2 2 
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Table 9. (Continued) 
Source df* E(MS) 
BS21 X BS22 Group 
Linear 
Ave L 
(gy-l) 
m 
2 2 2 
o + r<j„ „ + reK 
°7î 
Among L 
Quadratic 
Ave Q 
(mrl) 
m 
2 2 2 
o + rop _ + reK-
°7,® S 
Among Q 
Deviation 
Ent X env 
(m-1 ) 
m 
(g-l)(e-l) 
2 2 2 
o + ra_ p + reK 
°7d^ ®7d 
o + ro, GE 
Pooled error 
^Degrees of freedom will vary among traits depending on the 
efficiency of the lattice design. 
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significant. 
The regression coefficients were calculated by using the following 
formula: 
B = (X'X)"1 (X'Y) , 
where 
g = estimate of the regression coefficients; 
X = the design matrix; and 
Y = column vector of means from cycle populations and crosses. 
The design matrices for the regression groups, consisting of the C^j and 
cfi components of the regression models, are shown in the Appendix Ij 
(Tables Â1 to A3). Regression coefficients were also calculated for 
testcrosses of the four population groups [BS21(A632H1), BS22(H99HI), 
BS21(R), and BS22(R)] when averaged over all constant inbred and 
noninbred testers. For example, the average over testers in the 
BS21(A632HI) testcrosses was calculated by summing the means of 
BS21(A632H1) x A632, BS21(A632HI) x Â239, BS21(A632HI) x BS22C0, and 
BS21(A632HI) x BS21C0 for each cycle (CO to C3). The CO to C3 averages 
over testers were then subjected to least squares regression analysis 
(Eberhart, 1964) with the BS21(R) testcrosses averaged over the same 
four testers to obtain the proper regression coefficients for the linear 
and quadratic models. By the same technique, regression coefficients of 
the linear and quadratic models were calculated for BS22(H99HI) and 
BS22(R) testcrosses when each cycle was averaged over four testers (H99, 
A239, BS21C0, and BS22C0). 
The standard errors of the regression coefficients were calculated 
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using the formula described by Draper and Smith (1966): 
3.e.a,) . , 
where 
b£ = linear or quadratic regression coefficient for the i 
variable; 
Cii = diagonal components of the (X'X)~^ matrix corresponding to 
the i^^ variable; 
= estimate of experimental error variance from the analysis of 
variance; and 
r = the number of observations per entry mean. 
The estimates of regression coefficients were tested for significance 
with the following t-test; 
s.e.(b^) 
This calculated t was compared with values of t in a t-distribution 
table at N-1 degrees of freedom. The null hypothesis (HQ) for this test 
of significance was Hg: b^ = 0. 
Experiment 15 
The analysis of field data from Experiment 15 was similar to the 
analysis of Experiment 14. At each environment in Experiment 15, data 
collected on each character were analyzed with the same linear model as 
described for Experiment 14, and the analysis of variance table computed 
from this model is identical to the one shown in Table 6. 
As in Experiment 14, three combined analyses of variance were 
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produced for this experiment because of the same reasons explained for 
the previous experiment. The analyses combined over all 1987 
environments (70515 and 71215), combined over all 1988 environments 
(80515 and 81215), and combined over environments of both years were 
produced using the same model and table (Table 7) as used for Experiment 
14. Likewise, the regression groups (Table 8), regression models, and 
combined analysis of variance with partitions of entries effects (Table 
9) were similar as well. The only difference in the statistical 
analyses between Experiments 14 and 15 was the number of environments 
used in the models. 
Experiment 25 
Two analyses were performed in this experiment because the inbred 
genotypes were separated from the noninbred genotypes at each 
location. A randomized complete block design with five replications was 
used in both analyses. The analysis of noninbred genotypes involved 20 
entries, while eight entries were used in the analysis of inbred 
materials. Data collected on each character were first analyzed by 
using the following model: 
^ij " W + + Gj + e^j , 
where 
^ij observed value in the ij'^ plot; 
\x =» overall mean; 
= effect of the i^^ replication (i = 1, ... 5); 
Gj = effect of the entry (j = 1, ... 7 or j = 1, ... 20); and 
65 
e£j = error associated with the ij*"^ observation. 
The analysis of variance table computed from this model is shown in 
Table 10. 
Table 10. Analysis of variance of a randomized complete block design 
for a trait at one location 
Source df E(MS) 
Replications (r-1)* 
Entries (g-1) + rK? 
Error (r-l)(g-l) 
^r = number of replications and g = number of entries per complete 
block. 
The analysis was then combined over environments according to the 
following model: 
Yijk = y + Li + (R/L)ij + Gk + (GD^^ + 
where 
Yijk observed value of the ijk^^ plot; 
y = overall mean; 
L£ = effect of the i^^ location (i = 1, 2, or i = 1, ... 4); 
(R/L)ij = effect of the replication within the i^^ location 
(j = 1. ... 5); 
G^ = effect of the k^^ entry (k = 1, ... 7 or k = 1, ... 20); 
(GL)ik = effect of the interaction between the k^^ entry and the 
i^*^ location; and 
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e£j^ = error associated with the ijk*"^ observation. 
Table 11 shows the analysis of variance table obtained from this 
model. Locations were treated as random and entries were treated as 
fixed effects in all analyses. 
Table 11. Analysis of variance of a randomized complete block design 
for a trait, combined over all locations 
Source df E(MS) 
Locations (Loc) (1-1)* 
Replications/Loc (r-l)l 
Entries (Ent) (g-1) 2 a + tal^ + rlK^ 
Ent X Loc (g-l)(l-l) 2 a 
Pooled error l(r-l)(g-l) ,2 
®1 = number of locations; r = number of replications; and g = 
number of genotypes. 
Regression procedures were used according to the model described by 
Smith (1979a, 1979b, 1983) to assess the effects of selection and 
inbreeding in BS21 and BS22 after three cycles of selection. 
Assumptions of the model include Hardy-Weinberg equilibrium, no 
epistasis, and normal diploid inheritance. For simplicity, the 
derivations of the model were made by assuming two alleles at each 
locus. 
The mean of a random-mating population can be expressed by 
multiplying the value of a genotype by its gene frequency and summing 
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over all genotypes (Falconer, 1981). Using Falconer's notation, the 
genotypic value in the two-allele model is shown by the following scale: 
Genotype ^2^2 ^1^2 ^1^1 
Genotypic value -a 0 d +a 
where -a is the genotypic value of the genotype that is homozygous for 
the unfavorable allele (A^), +a is the genotypic value of the homozygous 
favorable genotype (Aj^Aj^), and d is the genotypic value of the 
heterozygous genotype (Â]^Â2). The value of d will depend on the degree 
of dominance at the locus. The following illustration shows how the 
mean of a random-mating population is derived. 
Genotype Frequency Value Frequency x Value 
Aj^Aj p^ +a p^a 
AjA2 2p(l-p) d 2p(l-p)d 
A2A2 (1-p)^ -a -l(l-q)^a 
Mean = sum =» (2p-l)a + 2p(l-p)d 
The frequency of the favorable allele (A^) is p, and 1-p is equal to the 
frequency of the unfavorable allele (A^). 
The population mean, (2p-l)a + 2p(l-p)d, can be divided into two 
parts: the component attributable to the homozygote, (2p-l)a, and the 
heterozygote contribution, 2p(l-p)d. Following the notation of Smith 
(1983), the mean of the i**^ base population used in this experiment is 
equal to: 
AOj^ + 2D0£ 
where 
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AO^ = the homozygote contribution, (2p-l)a, to the i*"^ base 
population mean (i = 1, 2 for BS21C0 and BS22C0, 
respectively); and 
D0£ = the heterozygote contribution, 2p(l-p)d to the i*"^ base 
population mean. 
The changes in the mean of the base populations after cycles of 
selection can be partitioned into changes in heterozygous and homozygous 
contributions relative to changes in gene frequency and inbreeding. For 
each base population, BS21C0 or BS22C0, the mean of the advanced cycle 
populations, selfed populations, and population crosses are expressed as 
(adapted from Hammond and Gardner, 1974; Smith, 1979b): 
CO-selfed = (2p-l)a + p(l-p)d 
= A0£ + D0£ 
CN = (2p-l)a + 2Apa + 2p(l-p)d + 2Ap(l~p)d - 2Ap^d, 
= AOj + 2ALij(lk) + 2D0i + 2DLij(lj^) - 2DQij(I^), 
C3-selfed = (2p-l)a + 2Apa + p(l-p)d + Ap(l-2p)d - Ap^d, 
= AOi + 2ALij(l^) + DOi + DL^jdj^) - DQUjClg), 
CO X C3 =» (2p-l)a + Apa + 2p(l-p)d + Ap(l-2p)d, 
= AO^ + 2ALij(Ik) + 2D0i + DL^jdj^), 
where 
Ijj = cycle of selection (k = 1, 2, 3); 
ALj^j = partial linear regression coefficient of homozygous 
contributions regressed on cycles of the selection 
method in the i**^ base population (j = 1, 2 for reciprocal 
recurrent selection with population testers and inbred 
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testers, respectively); 
DL^j = partial linear regression coefficient of heterozygous 
contributions regressed on cycles of the selection 
method in the i*"^ base population; and 
DQij = partial quadratic regression coefficient of heterozygous 
contributions regressed on cycles of the selection 
method in the i*"^ base population. 
The entries used in this experiment and their genetic parameter 
expectations are listed in the Appendix (Table A4). 
The means over all environments from both inbred and noninbred 
genotypes were combined into one data set. Weighted least squares 
techniques were used on this data set to obtain estimates of the genetic 
parameters in the Smith model (AO, DO, AL, DL, and DQ) for each 
population group. The design matrix used for the regression procedures 
is shown in Table A5 (Appendix). Because the inbred and noninbred 
genotypes were grown and initially analyzed as separate experiments, the 
means for each entry were weighted by the reciprocal of the standard 
error variances as described by Steel and Torrie (1980). The standard 
error of the regression coefficients were calculated as the square root 
of the diagonal components (C^^) of the (X'wX)"^ matrix corresponding to 
the i*"^ variable. A t-test was performed, using the same formula as 
described for Experiment 14, to test the significance of each genetic 
parameter. The calculated t was compared with values of t in a t-
distribution table at n-1 degrees of freedom corresponding with the 
analysis of hybrid genotypes. The degrees of freedom from the analysis 
70 
of hybrid data were used, rather than calculating pooled degrees of 
freedom, to provide a more conservative test. 
The total change in the mean of each population per se after one 
cycle of selection can be calculated as 2AL + 2DL, or 2Apa, where a is 
the average effect of a gene substitution. The total predicted change 
in the mean after three cycles of selection is equal to 6AL + 6DL - 18 
DQ. This expression can be separated into two components: (1) the 
change in the mean due to changes in gene frequency weighted by additive 
and dominance effects resulting from indirect selection, expressed as 
6ÂL + 60L (or 6Apa), and (2) 18 DQ, the portion of the change in mean 
due to selection and inbreeding. However, 18 DQ is assumed to be an 
estimate of the change in the mean due to inbreeding because the change 
in allele frequency (Ap) due to selection should be relatively small 
after three cycles of selection. Futhermore, 18 DQ becomes an estimate 
of inbreeding due to random genetic drift if the effects of nonrandom 
inbreeding, such as unintentional assortative mating, are assumed to be 
negligible. The estimates for 2Apa, 6Apa, and 18 DQ were calculated for 
all population groups. 
Estimates of inbreeding depression were calculated for each 
population group by substracting the means of the inbred (S^) 
populations from the means of the corresponding noninbred (Sg) 
population. The inbreeding depression estimates were then expressed as 
a percentage of the noninbred mean by using the following formula: 
Sg - S 
ID% = (— i) X 100 . 
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The estimates of inbreeding depression, in actual units, were tested for 
significance with the pooled standard error estimates. 
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RESULTS AND DISCUSSION 
Testcross variance component estimates for yield, grain moisture, 
root lodging, and stalk lodging during three cycles of recurrent 
selection in BS21 and BS22 maize populations are shown in Table 12. The 
estimates of variance components in BS21(R) and BS22(R) were calculated 
from testcross performance of half-sib progenies in which the reciprocal 
population was a tester in reciprocal recurrent selection (RRS) [Maize 
Breeding Research Project Report 1975-1986. Iowa State University, Ames 
(W. A. Russell, Unpublished)]. The estimate for BS21(A632HI) and 
BS22(H99HI) were calculated from half-sib testcross performance in 
modified reciprocal recurrent selection (RRSI) with A632 and H99 inbred 
testers, respectively. 
In general, the variance component estimates for testcrosses with 
inbred testers were similar to the estimates of testcrosses with 
heterogeneous population testers, unlike some previous studies that 
recognized greater genetic variances for yield among testcross families 
formed with inbred testers (Matzinger, 1953; Darrah et al., 1972; Horner 
et al., 1973). Some comparisons, however, may be confounded because the 
testcross evaluations were done in different seasons. BS21(R) and 
BS22(R) cycle testcrosses, which can be compared directly because they 
were produced and evaluated simultaneously, had similar variance 
components for all traits. Cycle 2 testcrosses for BS21(A632HI) can be 
compared to Cycle 2 of BS21(R) and BS22(R) because they were evaluated 
at the same locations during the same growing season. However, no major 
Table 12. Variance component estimates among BS21 and BS22 testcross 
families during RRSI and RRS evaluations between 1975 and 
1986 
Variance component estimates* 
Yield (Mg ha"^) Moisture (%) 
Population Cycle 
'1 
BS22(H99HI) CO^ 0.58 0.01 0.16 2.10 1.17 2.66 
Cl^ 0.66 0.09 0.16 2.32 0.44 1.41 
02 0.70 0.00 0.12 1.74 0.12 0.67 
C3 0.52 0.09 0.03 1.89 0.08 0.62 
BS21(A632H1) CO 1.29 0.01 0.36 2.22 0.24 0.70 
CI 0.70 0.05 0.23 1.94 0.22 0.96 
C2 0.56 0.05 0.10 0.83 0.14 0.29 
C3 0.44 0.07 0.13 1.05 0.08 0.81 
BS21(R) CO 0.81 0.02 0.28 2.22 0.34 1.80 
CI 1.00 0.02 0.25 1.55 0.04 0.56 
C2 0.54 0.02 0.12 0.80 0.04 0.46 
C3 0.43 0.03 0.18 0.89 0.04 0.68 
BS22(R) CO 0.80 0.02 0.25 2.18 0.00 1.88 
CI 0.88 0.05 0.22 1.50 0.00 0.56 
C2 0.51 0.04 0.17 0.91 0.06 0.35 
C3 0.36 0.08 0.16 0.88 0.04 0.66 
*Based on three locations and two replications per location. 
^Only two locations available. 
^Data were not available. 
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Variance component estimates 
Root lodging (%) Stalk lodging (%) 
a2 ^2 "2 '^2 "2 <-2 
Oe Oge Og Og Ogg Og 
275.70 
6.65 
19.12 
119.04 
1.04 
6.10 
39.08 
1.25 
1.78 
5.08 
6.25 
52.92 
1.97 
0.30 
5.56 
1.33 
0.80 
6.86  
75.37 
11.70 
83.41 
18.36 
2.96 
17.10 
35.34 
4.14 
47.55 
42.11 
42.45 
103.08 
13.02 
0.00 
10.65 
23.40 
4.86 
6.42 
22.80 
11.44 
4.11 
10.11 
275.48 
5.29 
21.68 
2.94 
31.89 
0.44 
5.62 
0.98 
127.75 
0.53 
0.06 
53.33 
28.07 
33.83 
6.06 
5.14 
2.49 
0.00 
0.00 
25.29 
8.76 
10.27 
0.67 
7.20 
274.60 
7.94 
53.50 
1 . 1 8  
17.70 
3.50 
12.82 
1.24 
100.80 
1.68 
4.64 
47.57 
26.90 
35.83 
7.70 
7.22 
2.56 
7.06 
1.25 
20.91 
7.01 
13.56 
0.81 
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differences were observed among BS21(A632H1)C2, BS21(R)C2, and BS22(R)C2 
tesCcrosses. 
The magnitude of the genetic testcross variance estimates (Og) for 
grain yield was similar to that of recurrent selection in Kolkmeier and 
Lancaster maize populations with inbred Hy used as the tester (Walejko, 
1976) and BS12(H1) with inbred B14 used as the tester (Hallauer and 
Miranda, 1988). However, the Og in the maize synthetic, FS767, with 
either inbred F6 or the parent population as tester (Horner et al., 
1973) was considerably less than that of BS21 and BS22. The magnitude 
of Gg with heterogeneous testers in BSSS(R) and BSCBl(R), improved by 
using RRS (Hallauer and Miranda, 1988), was generally similar to the âg 
shown in Table 12. The magnitude of the testcross genotype-by- • 
environment variance components (o^^) for yield of BS21 and BS22 was 
generally similar to the âgg of BSSS(R) and BSCBl(R), but smaller than 
in Kolkmeier, Lancaster, and BS12(HI). Evidently, the genetic variances 
in BS21 and BS22 are typical relative to maize populations that have 
undergone recurrent selection schemes with success. 
The ôg for grain yield tended to decrease slightly after each cycle 
of selection in BS21 and BS22 regardless of the selection procedure; 
however, the âg was highly significant (P <0,01) for all selection 
cycles except for C3 of BS22(H99HI), which was significant (0.05 > P > 
0.01). The low value for BS22(H99H1)C3 x H99 testcrosses was probably 
due to the environments of the selection year because the Og for the 
Cycle 4 testcrosses was highly significant at 0.13 Mg ha~^ (data not 
shown). 
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The Og for grain moisture was similar in BS22(H99H1), BS21(A632H1), 
BS21(R), and BS22(R) cycle testcrosses, showing a decline after initial 
cycles of selection. However, the âg for BS21(A632H1) testcrosses was 
considerably lower in CO relative to the other three groups. The Cycle 
0 testcrosses for BS21(A632HI) and BS21(R) were formed by using the same 
base population, but crossed to different testers. Therefore, the 
differences can be attributed to allelic complementation differences 
between testers or due to unintentional selection for a specific 
moisture group while making BS21(A632H1) testcross progenies for the 
Cycle 0 evaluation. 
The variance component estimates for root lodging and stalk lodging 
varied in all populations probably because of inconsistent levels of 
trait expression. In some cycle evaluations, the ôg^ was larger than 
3g, indicating considerable environmental influence on these traits. 
Table 13 shows the testcross means for four traits measured during 
the selection phase of RRS and RRSI. Although most comparisons are 
confounded due to differences in growing seasons, the means illustrate 
the types of environments in which selection was based. The BS21(R) and 
BS22(R) cycle testcrosses can be compared because they were evaluated at 
the same locations during the same growing seasons. For the same 
reason, the BS21(A632H1)C2 testcross means can be compared to the mean 
of Cycle 2 testcrosses of BS21(R) and BS22(R). 
BS22(H99H1) cycle testcrosses were evaluated in three relatively 
high-yield growing seasons. However, the first two cycles were based on 
fewer locations. The Cycle 2 testcrosses of BS21(A632HI), BS21(R), and 
Table 13. Means of BS21 and BS22 cycle testcrosses during RRSI and RRS evaluations between 1975 
and 1986* 
Population Cycle Year 
Yield (Mg ha Moisture (%) Root lodging (%) stalk lodging (%) 
V xs= XT % Xr % 
BS22(H99HI) CO^ 1975 7.92 8.62 21.5 20.9 20.4 13.3 1.7® 1.4 
Cl^ 1978 7.86 8.62 19.8 20.1 17.9 10.3 1.7 1.4 
C2 1981 9.18 9.98 23.7 23.9 0.9 0.6 2.3 1.8 
C3 1984 5.84 6.23 25.8 • 25.4 2.2 0.5 8.4 4.8 
BS21(Â632HI) CO 1976 6.39 7.52 16.9 17.1 0.1® 0.0 4.7 2.9 
CI 1979 7.64 8.33 23.2 23.2 11.8 7.0 10.4 7.4 
C2 1983 4.32 4.94 18.4 18.3 2.8 1.8 12.7 9.9 
C3 1985 6.89 7.39 23.1 23.0 16.0 7.5 3.4 1.7 
BS21(R) CO 1977 6.24 7.06 20.4 20.4 2.1 1.1 16.8 10.2 
CI 1980 6.21 6.97 19.4 19.3 37.0 20.8 8.8 7.8 
C2 1983 4.84 5.46 18.8 18.8 1.3 1.0 10.0 7.1 
C3 1986 7.08 7.83 22.7 22.7 2.9 1.9 2.2 2.0 
BS22(R) CO 1977 6.67 7.50 20.0 19.9 1.5 0.6 15.6 9.7 
CI 1980 6.45 7.18 19.3 19.0 30.6 20.7 8.3 7.4 
C2 1983 4.83 5.60 18.6 19.0 2.2 1.7 10.4 6.9 
C3 1986 6.78 7.47 22.3 22.5 6.7 4.7 2.6 2.6 
*Based on three locations and two replications per location. 
^Mean of all testcrosses evaluated. 
^Mean of the selected testcrosses. 
'^Only two locations available. 
^Trait was not considered for selection. 
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BS22(R) were evaluated during a relatively low-yield growing season in 
1983. In all cycle evaluations, the average yield of the selected 
testcrosses exceeded the mean of all testcrosses. 
The means for grain moisture, root lodging, and stalk lodging 
varied considerably with different selection seasons. The relatively 
low value for BS21(A.632HI)C0 testcross grain moisture (16.9%) indicates 
that 1976 may have been a fast-drying season. The low grain moisture 
may have resulted in the low Og for that trait (Table 12). Selection 
for resistance to root and stalk lodging may have been affected by 
skewed sample distributions during cycle evaluations where trait 
expression was low. The average testcross yields during all cycle 
evaluations tended to be 1 to 2 Mg ha~^ lower than the single-cross 
hybrid checks, À632 x H99 and À619 x Â632, included in the tests [Maize 
Breeding Research Project Report 1975-1986. Iowa State University, Ames 
(W. A. Russell, Unpublished)]. 
Experiment 14 
In general, maize growth and yields were excellent in 1987 due to 
optimum growing conditions. However, a severe drought in 1988 inhibited 
plant growth, resulting in considerably lower yields. Yields were 
relatively low (average of 5.63 Mg ha~^) in the Sutherland environment 
of 1987 (environment 70114), primarily due to excessive root lodging 
(25.1%) and dropped ears (4.5%). The root lodging was probably caused 
by corn rootworm damage followed by wind and rain. In contrast, the 
1987 environments of Kanawha (70214), Nashua (71014), and Belmond 
79 
(71114) were high-yield environments (6.82, 7.27, and 9.14 Mg ha"^ , 
respectively) with acceptable levels of root lodging (2.5 to 9.4%), 
stalk lodging (2.4 to 12.5%), and dropped ears (0.5 to 2.9%). In 1988, 
all locations were low-yield environments with average yields of 5.77, 
4.12, 4.59, and 6.18 Mg ha~^  at Sutherland (80114), Kanawha (80214), 
Nashua (81014), and Belmond (81114), respectively. Generally, late 
rains during grain fill (early August) prevented total crop failure in 
these environments. There was essentially no root lodging in the 1988 
environments, probably due to less than normal plant growth (shorter 
plants) and insufficient rainfall that promoted deeper root growth and 
hard soil conditions. Stalk lodging ranged from 6.2 to 13.9%, providing 
excellent information on this trait. 
The analyses of variance for four traits combined over seven 1987 
and 1988 environments are presented in the Appendix (Table A6). The 
experiment grown near Belmond, Iowa in 1988 (81114) was not included in 
the combined analyses because of excessive plot-to-plot variability, 
probably caused by the drought. Tables A7 and A8 show the analyses of 
variance for the same four traits combined over four 1987 environments 
and three 1988 environments, respectively. The 1988 combined analyses 
of variance was computed because four entries, not included in the 1987 
evaluation, were added to the experiment for evaluation in 1988. The 
combined analyses of variance for 1987 was computed because of the 
drought in 1988. Table 14 summarizes the mean squares for entries, 
entries x environment, and pooled error from the three combined analyses 
of variance. These mean squares and those from the analyses of 
Table 14. Means (X), coefficients of variation (CV), and mean squares 
for entries, entries x environment, and pooled error from the 
analyses of variance combined over 1987 and 1988 environments 
(Table A6), 1987 environments (Table A7), and 1988 
environments (Table A8) 
Source of 
variation 
Mean squares 
8788 
Yield (Me ha~^ ) 
•s 87® 
Moisture (%) 
88' 8788 87 88 
Entries 5.33** 5.26** 3.02** 22.00** 7.01** 18.12** 
Entries x 0.64** 0.64* 0.62** 2.37** 0.83* 3.96* 
environment 
Pooled error 0.47 0.53 0.37 1 .66  0.69 2.87 
6.0 7.2 4.8 19.6 18.5 20.8 
CV (%) 11.4 10.1  12.7 6 . 6  4.5 8 . 1  
S^even environments, three replications per environment. 
F^our environments, three replications per environment. 
T^hree environments, three replications per environment. 
*,**Significant at the 0.05 and 0.01 probability levels, 
respectively. 
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Mean squares 
Root lodging (%) Stalk lodging (%) 
8788 87 88 8788 87 88 
137.36** 225.24** 8.98 197.71** 52.88** 240.10** 
61.32** 94.95 7.66** 49.61** 25.76** 60.57** 
51.50 86.29 5.11 27.51 19.54 37.62 
5.8 10.1 1.4 10.1 7.2 13.0 
123.7 92.1 156.9 51.9 61.6 47.1 
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individual environments were used to determine the value of the 1988 
data. 
The consistency of the entries x environment and pooled error mean 
squares for yield of the three combined analyses suggests that the 1988 
yield data are reliable despite the drought. However, the value of the 
1988 moisture and root lodging data is questionable because of 
inconsistent entries x environment and pooled error mean squares among 
the three combined analyses. The magnitude of the entries x environment 
and pooled error mean squares for moisture of the 1988 combined analysis 
and the analysis combined over 1987 and 1988 environments are 
unacceptable for maize experiments of this type. Furthermore, the error 
mean squares for moisture from the individual environment analyses (data 
not shown) show unacceptable plot-to-plot variability only in the 1988 
environments. Problems with the 1988 moisture data may be related to 
the drought or mechanical failures during data collection that did not 
occur in 1987. Root lodging data combined over 1988 would add little 
information to this experiment due to an extremely low level of trait 
expression in the 1988 growing season. The mean squares for stalk 
lodging were less variable among the combined analyses than that for 
moisture and root lodging. Furthermore, no clear pattern could be 
established from the analyses of individual environments from the stand­
point of differences between 1987 and 1988 stalk lodging data that may 
have been attributed to the 1988 drought. For these reasons, further 
comments related to yield and stalk lodging will be from the analyses of 
data combined over 1987 and 1988 environments, but only the 1987 
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combined analyses will be used for grain moisture and root lodging. 
Data for dropped ears were not important in this experiment; 
consequently, they were not included in the combined analyses of 
variance. 
The entries' and entries x environment mean squares were highly 
significant for yield and stalk lodging in the combined analyses of 
variance over seven 1987 and 1988 environments (Table Â6). For moisture 
and root lodging combined over four 1987 environments (Table A7), the 
mean squares for entries was highly significant and the entries x 
environment interaction was significant only for grain moisture. 
However, the magnitude of the interactions for all traits was 
considerably lower than for the main effects of entries. 
The entries' sums of squares were partitioned into seven groups for 
regression analysis (regression groups) based on common CO genotypes. 
Refer to Table 8 for the components of each regression group. Yield was 
nonsignificant in BS21 Group but significant in BS22 (Table Â6) while 
both groups were highly significant for stalk lodging. Among the inbred 
testcrosses, yield was significant only in BS21 x A239 Group, while BS21 
X A632 Group was the only group significant for stalk lodging (P 
0.05). The group of crosses between BS21 and BS22 populations (BS21 x 
BS22 Group) was highly significant for yield and stalk lodging. Grain 
moisture (Table Â7) was highly significant in all regression groups. 
Root lodging (Table A7) was highly significant in BS21 and BS21 x BS22 
Groups, significant for BS22 and BS21 x Â239 Groups, and nonsignificant 
for the groups of BS21 x A632, BS22 x H99, and BS22 x Â239. 
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Least squares regression analysis (Eberhart, 1964) was used to 
investigate the relationship among cycles of selection for different 
reciprocal recurrent selection procedures and changes in yield, 
moisture, root lodging, and stalk lodging. The sums of squares for each 
regression group was partitioned into linear, quadratic, and residual 
(cubic) sums of squares. The linear and quadratic sums of squares were 
further separated into sums of squares for average linear and quadratic 
response (average of all regression lines in the regression group) and 
sums of squares for among-linear and -quadratic responses (difference 
between one or more regression lines in the regression group). The 
residual sums of squares was not partitioned because the cubic trends 
were not considered to be valuable with only three cycles of selection 
completed in these populations. The mean squares for the partitions of 
the regression groups are included in the combined analyses of variance 
(Tables A6 to Â8). 
For grain yield (Table Â6), the linear mean square was highly 
significant for the groups of BS22 and BS21 x BS22, while significant 
for BS21 X À632 and BS22 x Â239 Groups. The remaining three groups 
(BS21, BS21 X A239, and BS22 x H99) were nonsignificant for the linear 
model. Among the partitions of the linear model, the among-linear 
component was highly significant in BS22 Group, while the average linear 
yield response was nonsignificant. Although not significant, the among-
linear mean square was more important than the average linear mean 
square in BS21 Group as well. These observations indicate that the two 
reciprocal recurrent selection procedures (RRS and RRSl) had different 
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effects on yield of the BS21 and BS22 populations per se. However, RRS 
and RRSI had similar or no effect on inbred testcross performance, 
because the only significant linear partitions were the average linear 
yield responses of BS21 x A632 and BS22 x A239 testcross groups, both 
highly significant. Both partitions, average linear and among linear, 
were highly significant in the interpopulation crosses between the BS21 
and BS22 populations (BS21 x BS22 Group), but the magnitude of the mean 
squares suggests that the average linear response was considerably more 
important in these crosses than the differences among linear 
responses. No quadratic or residual yield mean squares were significant 
in any group except the among-quadratic response in BS21 x A239 Group. 
The linear regression model for stalk lodging (Table À6) was highly 
significant for all regression groups except the inbred testcross groups 
of BS22 X H99 and BS22 x A239 (nonsignificant). The only significant 
quadratic mean square observed was in BS21 Group, but the magnitude of 
the linear mean square for this group was more than two times larger 
than the quadratic mean square. The among-linear response of BS21 Group 
was highly significant and considerably larger than the significant 
average linear response. In the same regression group, however, the 
significant average quadratic response was larger than the significant 
among-quadratic mean square. A highly significant among-linear mean 
square was observed for stalk lodging in BS22 Group while the average 
linear response was nonsignificant. The among-linear responses of BS21 
X A632 and BS21 x A239 Groups were highly significant and more important 
than the average linear responses of the A632 (significant) or the Â239 
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(nonsignificant) testcrosses. The BS22 inbred testcross groups (BS22 x 
H99 and BS22 x Â239) had no significant linear or quadratic partitions 
for stalk lodging. Highly significant average linear and among-linear 
mean squares were observed in BS21 x BS22 Group, but the average linear 
response was more important. The residual mean squares for stalk 
lodging were nonsignificant for all regression groups. 
All regression groups had highly significant linear regression mean 
squares for grain moisture (Table Â7). The quadratic model was highly 
significant for BS22 Group and significant for BS21 x BS22 Group, but 
the linear regression model explained considerably more variation in 
both groups. The only significant residual mean square was in the 
crosses between BS21 and BS22 populations (BS21 x BS22 Group). The 
among-linear responses were highly significant for all regression 
groups, and they were more important than the average linear 
responses. The average linear response was highly significant for the 
groups of BS22, BS21 x A632, and BS21 x BS22; significant for BS22 x H99 
Group; and nonsignificant for BS21 Group and the À239 inbred testcrosses 
(BS21 X A239 and BS22 x A239). The average quadratic response was 
significant in both groups of populations per se (BS21 Group and BS22 
Group), but only the among quadratic mean square of BS22 Group was 
significant (P < 0.01). 
Highly significant linear regression mean squares were observed for 
root lodging (Table A7) in BS21, BS21 x A239, and BS21 x BS22 Groups. 
BS22 X Â239 Group was significant for the linear model, while 
nonsignificant linear mean squares were calculated in BS22 and BS22 x 
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H99 Groups. The quadratic regression model was significant only in the 
groups of BS21 and BS21 x A632. The residual mean square was 
significant only in BS22 Group. The average linear responses were 
highly significant in the regression groups of BS21, BS21 x A239, and 
BS21 X BS22, while significant in BS22 x Â239 Group. The difference 
among linear regressions was significant in BS22 and BS21 x BS22 
Groups. However, the average linear mean squares were considerably 
larger than the among-linear mean squares except in BS22 Group and in 
the regression groups that were nonsignificant for both partitions. The 
difference among quadratic regression lines was significant in the 
groups of BS21 and BS21 x A632, and they were considerably larger than 
the average quadratic mean squares (both nonsignificant). The among-
quadratic means square in BS21 x À632 Group was more important than the 
linear models of that group, but the mean square for among-quadratic in 
BS21 Group was less than half the highly significant average linear mean 
square of the same regression group. 
In general, the linear regression models explained most of the 
variation for all traits evaluated in this experiment. The partitions 
of the regression sums of squares (average and among regressions) for 
yield showed greater importance for the average linear regressions in 
the crosses relative to the among regressions, but greater importance of 
the among regressions in the populations per se. However, the 
partitions of the regression models for moisture, root lodging, and 
stalk lodging showed no clear patterns that can be used to compare RRS 
and RRSl. In several cases, for example, the among-linear response was 
88 
more important than the average linear regression for some of the inbred 
testers, but the average linear model was more important in other inbred 
testcrosses. The absence of a clear pattern for these traits may be due 
to the emphasis of selection primarily on yield and the lack of trait 
expression for root lodging and stalk lodging during some evaluation 
seasons of RRS and RRSI. Furthermore, the lack of significant responses 
for average and among regressions in the inbred testcrosses may be the 
result of masking effects of the inbred tester. Rawlings and Thompson 
(1962) referred to the term "masking effects" to describe intra-locus 
dominance effects where the dominant allele of the tester covers, or 
masks, the recessive allele of the population. However, masking effects 
may also occu.r as a result of inter-locus interactions (epistasis) when 
an inbred line tester is used. In either case, masking effects could 
have reduced the variation in the testcross groups. 
Unfortunately, the mean squares are not easily interpreted from the 
standpoint of comparing the two reciprocal recurrent selection 
procedures (RRS and RRSI) because some regression groups have more than 
two regression lines in the analysis. For example, BS21 Group (Table 8) 
has five regression lines within the regression group: two populations 
per se [BS21(A632HI)CN and BS21(R)CN] and three sets of related 
population crosses [BS21(A632HI)CN x BS21C0, BS21(R)CN x BS21C0, and 
BS21(R)CN X BS21(A632HI)CN]. A significant mean square for among-Iinear 
regressions in this group says that that one or more of the regression 
lines are different; however, it does not reveal which regression 
line(s) is different from the others. A better way to evaluate RRS and 
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RRSI is to compare their rates of gain. The means and regression 
coefficients combined over environments for the populations per se and 
crosses are presented in Tables 15 to 18. 
Table 15 shows the means and regression coefficients for machine-
harvested grain yield. No significant yield trends were detected in any 
of the populations per se after three cycles of RRS and RRSI, similar to 
the results in a previous study involving these populations (Blackburn, 
1988). However, the means showed increasing tendencies in both 
populations improved by using RRS [BS21(R) and BS22(R)]. After RRSI, 
yield may be decreasing in the populations improved with the H99 tester 
[BS22(H99HI)], while the means for BS21(A632HI) showed random 
fluctuations. Inbreeding depression caused by the accumulation of fixed 
homozygous deleterious genes may be the reason for the absence of yield 
improvement in the populations per se (Table 3). The lack of 
improvement occurred regardless of the type of tester, indicating that 
the problem is associated with the population or in the handling of the 
populations during RRS and RRSI. The latter reason seems inappropriate 
because two generations of random mating were used to recombine selected 
individuals (Table 2), and a sufficient number of lines were selected 
during each cycle of selection (Table 3). However, the lines used to 
form the base populations (Table 1) may have enough genetic relationship 
to each other to increase the probability of combining alleles that are 
identical by descent to a greater extent than indicated by the 
coefficients of inbreeding (Table 3). 
The lack of yield improvement in the populations per se after RRS 
Table 15. Means over seven environments in 1987 and 1988 (Expts. 70114, 
70214, 71014, 71114, 80114, 80214, and 81014) and regression 
coefficients for machine-harvested grain yield of BS21 and 
BS22 populations per se and crosses after RRS and RRSl 
Cycle of selection 
Entry Trait CO CI C2 C3 
Per se 
BS21(Â632HI) Grain 5.45 5.55 5.48 5.55 
BS22(H99HI) yield _ 5.63 5.52 5.41 5.41 
BS21(R) (Mg ha"^ ) 5.45 5.64 5.78 5.71 
BS22(R) 5.63 5.48 5.77 5.87 
Crosses 
BS21(A632HI) x Â632 6.12 6.26 6.63 6.61 
BS21(A632HI) x A239 6.50 6.14 6.54 6.63 
BS21(A632HI) x BS22C0 5.85 5.66 5.93 6.31 
BS21(A632HI) x BS21C0 5.45 5.93 5.46 5.63 
Average for testers 5.98 6.00 6.14 6.30 
BS22(H99HI) x H99 6.55 6.70 6.86 6.73 
BS22(H99HI) x A239 6.52 6.66 6.77 7.07 
BS22(H99HI) x BS21C0 5.85 5.65 5.83 6.05 
BS22(H99HI) x BS22C0 5.63 5.64 5.93 5.10 
Average for testers 6.14 6.16 6.35 6.45 
BS21(R) X A632 6.12 6.23 6.26 6.62 
BS21(R) X A239 6.50 7.00 6.73 6.78 
BS21(R) X BS22C0 5.85 5.79 6.12 6.31 
BS21(R) X SS21C0 5.45 5.76 5.78 5.70 
Average for testers 5.98 6.20 6.22 6.35 
BS22(R) X H99 6.55 6.96 6.75 6.74 
BS22(R) X A239 6.52 6.97 6.78 6.99 
BS22(R) X BS21C0 5.85 5.94 6.04 5.84 
BS22(R) X BS22C0 5.63 5.75 5.86 5.75 
Average for testers 6.14 6.40 6.36 6.40 
BS21(R) X BS22(R) 5.85 5.91 6.40 6.75 
BS21(R) X BS22(H99HI) 5.85 6.10 6.06 6.14 
BS21(A632H1) x BS22(R) 5.85 6.11 6.14 6.35 
BS21(R) X BS21(A632HI) 5.45 6.16 5.87 5.93 
BS22(R) X BS22(H99HI) 5.63 5.60 5.79 6.10 
L^inear regression model is shown unless the quadratic model is 
significant. 
L^SD (0.05) value applies to pair-wise comparisons between and 
within entries. 
*,**Significant at the 0.05 and 0.01 probability levels, 
respectively. 
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LSD Regression coefficients* 
(0.05)b bg bq 
0.48 5.51 0.01 ± 0.06 
5.62 -0.08 ± 0.06 
5.51 0.09 ± 0.06 
5.62 0.06 ± 0.06 
6.14 0.18 ± 0.06** 
6.50 0.01 ± 0.06 
5.77 0.13 ± 0.06* 
5.51 0.02 ± 0.06 
5.98 0.09 ± 0.03** 
6.65 0.05 ± 0.06 
6.56 0.15 ± 0.06* 
5.77 0.06 ± 0.06 
5.59 0.47 ± 0.23* -0.20 ± 0.08* 
6.16 0.09 ± 0.03** 
6.14 0.13 ± 0.06* 
6.50 0.13 ± 0.06* 
5.77 0.16 ± 0.06** 
5.51 0.10 ± 0.06 
5.98 0.13 ± 0.03** 
6.65 0.06 ± 0.06 
6.56 0.15 ± 0.06* 
5.77 0.06 ± 0.06 
5.62 0.07 ± 0.06 
6.16 0.10 ± 0.03** 
5.77 . 0.31 ± 0.06** 
5.77 0.14 ± 0.06* 
5.77 0.20 ± 0.06** 
5.51 0.61 ± 0.23** -0.16 ± 0.08* 
5.62 0.12 ± 0.06* 
Table 16. Means over four environments in 1987 (Experiments 70114, 
70214, 71014, and 71114) and regression coefficients for 
grain moisture of BS21 and BS22 populations per se and 
crosses after RRS and RRSl 
Cycle of selection 
Entry trait CO CI C2 C3 
Per se 
BS21(A632HI) Grain 18.4 18.0 17.6 17.0 
BS22(H99HI) moisture 18.6 19.7 20.4 19.1 
BS21(R) (%) 18.4 18.9 19.6 19.8 
BS22(R) 18.6 18.0 17.0 16.2 
Crosses 
BS21(Â632H1) X Â632 17.4 17.4 17.3 17.4 
BS21(Â632H1) X A239 18.1 18.0 17.5 18.0 
BS21(A632H1) x BS22C0 18.3 17.5 18.2 18.1 
BS21(A632HI) x BS21C0 18.4 18.1 18.0 17.5 
Average for testers 18.0 17.8 17.8 17.8 
BS22(H99HI) x H99 19.4 19.4 19.6 19.6 
BS22(H99HI) x A239 18.5 18.6 18.9 18.8 
BS22(H99H1) x BS21C0 18.3 18.2 19.1 18.8 
BS22(H99HI) x BS22C0 18.6 19.3 19.3 18.9 
Average for testers 18.7 18.9 19.2 19.0 
BS21(R) X A632 17.4 18.1 18.6 18.8 
BS21(R) X A239 18.1 18.8 18.6 . 18.6 
BS21(R) X BS22C0 18.3 18.5 20.1 19.4 
BS21(R) X BS21C0 18.4 19.0 19.4 19.0 
Average for testers 18.0 18.6 19.2 19.0 
BS22(R) X H99 19.4 19.3 18.4 18.0 
BS22(R) X A239 18.5 18.1 17.6 17.8 
BS22(R) X BS21C0 18.3 18.5 17.8 17.7 
BS22(R) X BS22C0 18.6 18.2 18.0 17.9 
Average for testers 18.7 18.5 18.0 17.8 
BS21(R) X BS22(R) 18.3 18.9 19.3 18.7 
BS21(R) X BS22(H99H1) 18.3 18.6 19.2 19.9 
BS21(A632HI) x BS22(R) 18.3 17.9 17.9 17.9 
BS21(R) X BS21(A632H1) 18.4 19.0 18.9 18.5 
BS22(R) X BS22(H99H1) 18.6 18.2 18.1 18.3 
L^inear regression model is shown unless the quadratic model is 
significant. 
L^SD (0.05) value applies to pair-wise comparisons between and 
within entries. 
*,**Significant at the 0.05 and 0.01 probability levels, 
respectively. 
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LSD . Regression coefficients* 
(0.05)b bo bq 
18.6 -0.51 ± 0.09** 
18.5 1.98 ± 0.34** -0.59 ± 0.12** 
18.6 0.44 ± 0.09** 
18.8 -0.83 ± 0.09** 
17.4 -0.02 ± 0.10 
18.1 -0.14 ± 0.10 
18.3 -0.12 ± 0.08 
18.6 -0.33 ± 0.09** 
18.0 -0.11 ± 0.05* 
19.5 0.04 ± 0.10 
18.5 0.15 ± 0.10 
18.3 0.21 ± 0.08* 
18.5 0.99 ± 0/34** -0.29 0.12* 
18.8 0.13 ± 0.05** 
17.4 0.50 ± 0.10** 
18.1 0.22 ± 0.10* 
18.3 0.51 ± 0.08** 
18.4 0.93 ± 0.34** -0.24 0.12* 
18.0 0.94 ± 0.18** -0.20 ± 0.06** 
19.5 -0.47 ± 0.10** 
18.5 -0.30 ± 0.10** 
18.3 -0.19 ± 0.08* 
18.8 -0.33 ± 0.09** 
18.8 -0.33 ± 0.05** 
18.2 1.13 ± 0.34** -0.32 ± 
1
 C
M o
 
18.3 0.50 ± 0.08** 
18.3 -0.17 ± 0.08* 
18.4 0.79 ± 0.34* 
m
 
CM 0
 1 ± 0.12* 
18.8 -0.23 ± 0.09* 
Table 17. Means over four environments in 1987 (Experiments 70114 
70214, 71014, and 71114) and regression coefficients for 
root lodging of BS21 and BS22 populations per se and crosses 
after RRS and RRSI 
Entry Trait CO 
Cycle of 
CI 
selection 
C2 C3 
Per se 
BS21(Â632H1) Root 13.0 15.0 13.3 7.5 
BS22(H99H1) lodging 12.6 6.7 8.5 9.6 
BS21(R) (%) 13.0 3.3 7.8 5.9 
BS22(R) 12.6 17.8 7.6 16.7 
Crosses 
BS21(A632HI) x A632 13.0 10.4 9.4 7.5 
BS21(A632H1) x A239 12.9 10.4 10.3 3.4 
BS21(A632HI) x BS22C0 14.4 12.4 12.6 6.9 
BS21(A632HI) x BS21C0 13.0 13.7 17.1 9.6 
Average for testers 13.3 11.7 12.4 6.8 
BS22(H99HI) x H99 5.4 3.4 2.3 7.7 
BS22(H99HI) x A239 13.1 12.2 5.9 6.0 
BS22(H99HI) x BS21C0 14.4 13.8 10.2 11.0 
BS22(H99H1) x BS22C0 12.6 17.0 10.9 10.4 
Average for testers 11.4 11.6 7.3 8.8 
BS21(R) X A632 13.0 6.1 7.0 14.4 
BS21(R) X A239 12.9 6.0 6.7 4.8 
BS21(R) X BS22C0 13.0 11.1 10.0 12.3 
BS21(R) X BS21C0 14.4 18.0 11.6 7.3 
Average for testers 13.3 10.3 8.8 9.7 
BS22(R) X H99 5.4 9.8 3.6 9.1 
BS22(R) X A239 13.1 13.4 8.9 10.7 
BS22(R) X BS21C0 14.4 18.1 11.0 8.8 
BS22(R) X BS22C0 12.6 15.4 12.8 18.2 
Average for testers 11.4 14.2 9.1 11.7 
BS21(R) X BS22(R) 14.4 9.4 6.0 8.6 
BS21(R) X BS22(H99H1) 14.4 7.6 9.6 5.8 
BS21(A632H1) x BS22(R) 14.4 20.0 15.0 12.4 
BS21(R) X BS21(A632HI) 13.0 9.4 8.1 8.1 
BS22(R) X BS22(H99HI) 12.6 13.4 14.0 8.5 
L^inear regression model is shown unless the quadratic model is 
significant. 
L^SO (0.05) value applies to pair-wise comparisons between and 
within entries. 
*,**Significant at the 0.05 and 0.01 probability levels, 
respectively. 
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LSD Regression coefficients* 
(0.05)" bo b* 
7.4 13.6 -1.27 ± 0.88 
13.2 -1.88 ± 0.88* 
13.6 -3.23 ± 0.88** 
13.2 0.30 ± 0.88 
11.1 -1.06 ± 0.99 
12.4 -2.36 ± 0.99* 
14.6 -2.10 ± 0.88* 
13.6 -0.35 ± 0.88 
13.1 -1.56 ± 0.49** 
5.0 0.08 ± 0.99 
13.4 -2.71 ± 0.99** 
14.6 -1.47 ± 0.88 
13.2 -0.64 ± 0.88 
11.9 -1.35 ± 0.49** 
12.9 -10.78 ± 3.67** 3.57 ± 1.25** 
12.4 -2.88 ± 0.99** 
14.6 -1.42 ± 0.88 
12.6 5.81 ± 3.46 -2.61 1 1.22* 
13.1 -1.55 ± 0.49** 
5.0 1.02 ± 0.99 
13.4 -1.21 ± 0.99 
14.6 -1.51 ± 0.88 
13.2 1.19 ± 0.88 
11.9 -0.28 ± 0.49 
14.6 -2.91 ± 0.88** 
14.6 -3.13 t 0.88** 
14.6 -0.03 ± 0.88 
13.6 -2.28 ± 0.88** 
13.2 -0.87 ± 0.88 
Table 18. Means over seven environments in 1987 and 1988 (Expts. 70114, 
70214, 71014, 71114, 80114, 80214, and 81014) and regression 
coefficients for stalk lodging of BS21 and BS22 populations 
per se and crosses after RRS and RRSI 
Entry Trait CO 
Cycle of selection 
CI C2 C3 
Per se 
BS21(A632H1) Stalk 10.5 13.3 15.5 11.5 
BS22(H99H1) lodging 11.3 12.8 18.8 12.3 
BS21(R) (%) 10.5 7.9 6.0 4.7 
BS22(R) 11.3 9.8 7.2 6.8 
Crosses 
BS21(Â632H1) X Â632 12.8 13.6 10.8 12.9 
BS21(A632H1) x A239 8.3 10.2 9.8 9.6 
BS21(A632H1) x BS22C0 11.9 13.0 15.6 12.8 
BS21(A632HI) x BS21C0 10.5 14.7 15.8 10.8 
Average for testers 10.9 12.9 13.0 11.5 
BS22(H99HI) x H99 6.7 7.3 8.4 8.3 
BS22(H99HI) x A239 8.5 8.1 10.1 6.8 
BS22(H99HI) x BS21C0 11.9 11.4 14.1 11.6 
BS22(H99H1) x BS22C0 11.3 14.2 11.2 13.7 
Average for testers 9.6 10.2 11.0 10.1 
BS21(R) X A632 12.8 8.7 7.9 6.3 
BS21(R) X A239 8.3 6.2 6.0 4.9 
BS21(R) X BS22C0 11.9 10.6 5.4 6.8 
BS21(R) X BS21C0 10.5 10.2 8.3 8.8 
Average for testers 10.9 8.9 6.9 6.7 
BS22(R) X H99 6.7 6.3 6.5 5.3 
BS22(R) X A239 8.5 5.5 6.2 6.2 
BS22(R) X BS21C0 11.9 12.5 10.5 8.1 
BS22(R) X BS22C0 11.3 11.0 10.2 7.8 
Average for testers 9.6 8.8 8.4 6.8 
BS21(R) X BS22(R) 11.9 11.2 5.9 4.8 
BS21(R) X BS22(H99H1) 11.9 5.2 5.5 3.6 
BS21(A632HI) x BS22(R) 11.9 9.9 10.7 8.7 
BS21(R) X BS21(A632H1) 10.5 12.8 10.0 7.8 
BS22(R) X BS22(H99HI) 11.3 10.8 10.1 8.4 
L^inear regression model is shown unless the quadratic model is 
significant. 
''LSD (0.05) value applies to pair-wise comparisons between and 
within entries. 
*,**Significant at the 0.05 and 0.01 probability levels, 
respectively. 
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LSD Regression coefficients^  
(0.05)b bg bq 
4.3 10.5 
11 .2  
11.8 
12.0 
5.36 ± 1.98** 
6.05 ± 1.98** 
-2.64 ± 0.50** 
-1.95 ± 0.50** 
-1.64 ± 0.70* 
-1.80 ± 0.70* 
12.5 -0.05 ± 0.57 
8.4 0.58 ± 0.57 
12.3 0.61 ± 0.49 
10.5 6.89 ± 1.98** -2.25 ± 0.70** 
11.0 2.77 ± 1.05** -0.87 ± 0.36* 
6.8 0.59 ± 0.57 
8.2 -0.03 ± 0.57 
12.3 0.02 ± 0.49 
12.0 0.42 ± 0.50 
9.8 0.26 ± 0.28 
12.5 -2.24 ± 0.57** 
8.4 -1.26 ± 0.57* 
12.3 -2.31 ± 0.49** 
11.8 -1.25 ± 0.50* 
11.2 -1.73 ± 0.28** 
6.8 -0.41 ± 0.57 
8.2 -0.92 ± 0.57 
12.3 -1.16 ± 0.49* 
12.0 -1.22 ± 0.50* 
9.8 -0.91 ± 0.28** 
12.3 -2.61 ± 0.49** 
12.3 -1.00 ± 0.49* 
12.3 -1.20 ± 0.49* 
11.8 -1.05 ± 0.50* 
12.0 -1.10 ± 0.50* 
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is not unusual. Hallauer and Miranda (1988) cite several RRS studies 
where one or both of the populations per se showed no significant yield 
gains. Comstock et al. (1949) stated that RRS was designed to improve 
hybrid performance. Improvement of the populations per se depends on 
the type of gene action in the hybrid performance of testcross 
progenies, but RRS offers no direct selection pressure to improve the 
populations per se. Martin and Hallauer (1980) used a computer 
simulation program to evaluate RRS with different types of gene 
action. They concluded that the procedure is not efficient for 
improving the populations per se, especially when complete dominance is 
more important and both populations begin with equal gene frequencies of 
0.5. Their computer simulation results for complete dominance and equal 
gene frequencies were highly correlated with their field data while 
evaluating RRS in BSSS and BSCBl maize populations. 
In the BS21(Â632H1) testcrosses, yield improvement in BS21(A632HI) 
X A632 was highly significant at a rate of 0.18 Mg ha~^ cycle"! (2.9% 
cycle"!). crosses to the unrelated CO population, BS21(Â632HI) x 
BS22C0, showed a significant and similar rate of improvement at 0.13 Mg 
ha"! cycle"! (2.2% cycle"!). However, no significant yield trends were 
observed when crossed with either the unrelated inbred tester 
[BS21(A632HI) x À239] or the related CO population [BS21(A632HI) x 
BS21C0]. Blackburn (1988) found no significant direct yield improvement 
(0.12 ± 0.10 Mg ha"! cycle"!) the CO to C3 testcrosses of 
BS21(A632HI) x A632; however, the standard error associated with the 
regression analysis was higher due to less extensive testing. 
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No yield improvement was observed in BS22(H99HI) x H99. However, 
the testcrosses with Â239 [BS22(H99HI) x Â239] were significant at a 
rate of 0.15 Mg ha~^  cycle"! (2.3% cycle"!). Although difficult to 
interpret, these data indicate that changes in gene frequencies of 
BS22(H99HI) populations were somewhat random with an added luxury of 
positive indirect response when crossed to A239. Blackburn (1988) also 
found no significant direct yield improvement (0.04 ± 0.10 Mg ha'^  
cycle'!) in the H99 testcrosses. A significant quadratic yield trend 
was observed in the BS22(H99H1) crosses to the related population 
tester, BS22(H99H1) x BS22C0. However, the quadratic response may be 
due to an error in the C3 x BS22C0 cross, either when the cross was 
produced or during seed packaging, because its yield value is lower than 
that of any cross or population in the experiment. Testcrosses of 
6S22(H99HI) x BS21C0 showed no significant yield response. 
Yield improvement in the population crosses of BS21(R) x BS22(R) 
after three cycles of RRS was highly significant at a rate of 0.31 Mg 
ha"! cycle"! (5^ 3% cycle"!). This rate is similar to the response (0.26 
± 0.10 Mg ha"! cycle"!) observed by Blackburn (1988) for the same 
testcrosses. Of the BS21(R) testcrosses, BS21(R) x A632 and BS21(R) x 
A239 were significant at the same rate of 0.13 Mg ha"! cycle"! (2% 
cycle"!). The yield trend for testcrosses to the unrelated CO 
population, BS21(R) x BS22C0, was significant at 0.16 Mg ha"! cycle"! 
(2.7% cycle"!), the response of BS21(R) x BS21C0 was nonsignificant. 
As in the BS22(H99HI) testcrosses, the H99 tester failed to show 
any significant yield improvement when crossed to the BS22(R) 
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populations. Furthermore, the response of BS22(R) x Â239 was 
significant at 0.15 Mg ha"^  cycle"^  (2.3% cycle~^ ), the same rate 
observed in BS22(H99UI) x À239. The inbred testcrosses to BS22(H99HI) 
and BS22(R) cycle populations suggest that there is something associated 
with H99, probably its gene frequencies, that is masking the gene 
frequency changes in these populations. Neither of the testcrosses to 
CO populations [BS22(R) x BS21C0 or BS22(R) x BS22C0] was significant 
for changes in grain yield. 
The significant regression coefficients of the BS21(R) and BS22(R) 
testcrosses to constant inbred and noninbred testers are approximately 
half as large as the yield response in BS21(R) x BS22(R). These gains 
are realistic because the crosses to constant testers represent changes 
in only one side of the pedigree. The yield response of BS21(R) x 
BS22(R), however, includes improvements of both sides of the cross. 
Furthermore, improvements of BS21(A632H1) x Â632 and BS22(H99Hl) x A239 
were similar to the significant yield gains of BS21(R) and BS22(R) 
testcrosses, and the yield trends of the four population groups when 
averaged over all constant testers were similar as well. The average 
for testers crossed to BS21(A632Hl) and BS22(H99HI) cycle populations 
showed highly significant yield trends at the same rate of 0.09 Mg ha~^  
cycle"! (1,5% cycle'^ ), while yield gains of BS21(R) and BS22(R) crosses 
over all testers were 0.13 Mg ha'^  cycle'^  (2.2% cycle) and 0.10 Mg ha"! 
cycle"! (1.6% cycle"!), respectively. These data suggest that, on 
average, both procedures (RRS and RRSI) were similar in their 
effectiveness for improving these populations for yield when crossed to 
101 
inbred and noninbred testers. 
Yield improvement was significant for all interpopulation crosses, 
but the magnitudes of the gains for crosses between populations of both 
RRS and RRSL were lower than that of BS21(R) x BS22(R). The rates of 
improvement were significant for BS21(R) x BS22(H99HI) at 0.14 Mg ha~^  
cycle~^  (2.4% cycle~^ ) and highly significant at 0.20 Mg ha~^  cycle~^  
(3.4% CYCLE-1) GO, the crosses of BS21(A632HI) x BS22(R). Yield 
significantly increased at a linear rate of 0.12 Mg ha"^  cycle"! (2.1% 
cycle"!) in the crosses of BS22(R) x BS22(U99HI), while the BS21(R) x 
BS21(A632H1) crosses had a quadratic trend with a yield increase in CI 
followed by no further gains. The regression coefficient of BS21(R) x 
BS21(A632HI) for the linear model was 0.14 Mg ha"! cycle"! (data not 
shown), similar to that of BS22(R) x BS22(U99HI). The significant yield 
improvements of the crosses between the cycles of related populations, 
BS21(R) X BS21(A632HI) and BS22(R) X BS22(H99H1), indicate that 
selection in the same populations while using different testers affected 
different sets of genes. 
The LSD value for yield (Table 15) indicates that all inbred 
testcrosses were significantly higher yielding than the populations per 
se. The significant heterosis of the CO testcrosses to the inbreds used 
in RRSI is evidence that A632 and H99 are divergent in genetic 
relationship to BS21 and BS22, respectively. However, Table 1 shows a 
minimal amount of tester relationship to component lines from the 
populations. There seems to be a lack of complementary genetic 
structure between the CO populations used to initiate RRS and RRSl 
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because the difference between the CO populations per se. BS21C0 and 
BS22C0, and BS21C0 x BS22C0 was nonsignificant. The lack of significant 
mid-parent heterosis suggests that the gene frequencies are similar in 
BS21 and BS22. However, the pedigrees of the lines used to form the 
populations (Table 1) indicate that their gene frequencies should be 
different. The significant mid-parent heterosis observed in BS21(R)C3 x 
BS22(R)C3 shows that the gene frequencies have changed in both 
populations such that BS21(R) and BS22(R) have become more complementary 
in their genetic structures. 
BS21C0 X BS22C0 yielded significantly less than the CO testcrosses 
with inbred testers, except BS21C0 x A632. After three cycles of 
selection, the yields of BS21(A632Hl)ca x BS22C0 and BS21(R)C3 x BS22C0 
were equal to the C3 crosses with both inbred testers (A632 and H99); 
however, the crosses between BS21C0 and the C3 BS22 populations 
[BS22(H99H1)C3 x BS21C0 and BS22(R)C3 x BS21C0] remained significantly 
lower yielding than BS22C3 testcrosses with the inbreds, H99 and A239. 
The only significant differences observed between the C3 inbred 
testcrosses and BS21(A632H1)C3 x BS22(R)C3 were the higher yields of 
BS22(H99H1)C3 x A239 and BS22(R)C3 x A239. BS21(R)C3 x BS22(H99H1)C3 
was significantly lower yielding than all C3 crosses to inbred testers. 
Four single-cross hybrid checks were included in this experiment to 
provide a relative measure of the yield potential of BS21 and BS22 
populations and crosses. The yields of the checks were: 8.29 Mg ha~^  
for A632 x H99, 7.76 Mg ha"^  for A239 x A632, 7.94 Mg ha"^  for A239 x 
A632, and 8.12 Mg ha"^  for B87 x H99. B87 is an inbred line derived 
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from the CO population of BS22 that was recombined with other selected 
lines to form BS22(H99H1)C1. Although none of the populations per se or 
crosses was competitive with the checks, the higher means of several C3 
testcrosses relative to the CO are encouraging. In general, higher 
yields can be expected for the single-cross checks compared to that of 
population testcrosses because of the wide variation of alleles in the 
heterogeneous population parents, including alleles that do not combine 
well with alleles at similar loci in the tester parent. 
Grain moisture changed significantly over cycles of selection in 
all populations per se (Table 16). These changes were unexpected, 
considering the predicted gains (Table 3), indicating that selection 
based on testcross evaluations was not the only factor contributing to 
changes in moisture. The moisture trends may be attributed to the 
tester or the production of testcross progenies, but not the 
populations, because of differences in direction of moisture change 
between related populations. In BS21, moisture significantly decreased 
(-0.51% cycle"^ ) in BS21(A632HI) when improved by using the inbred 
tester, Â632, in RRSI. However, a significant moisture increase (0.44% 
cycle"^ ) was observed in BS21(R) when improved by RRS where BS21 was 
testcrossed with the reciprocal population, B$22. A quadratic trend was 
detected in BS22(H99HI) with a significant increase in moisture after 
two cycles of selection by using the inbred, H99, as the tester, 
followed by a significant decrease in C3. Grain moisture decreased 
significantly (-0.83% cycle~^ ) in the other BS22 population, BS22(R). 
These results were similar to the observations made by Blackburn (1988) 
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with the same populations per se. 
There were several significant moisture trends detected among the 
population crosses. In general, the direction of moisture change was 
similar to that of their respective parental populations per se. The 
only significant trends in the testcrosses of populations improved by 
RRSI, however, were a decrease in BS21(A632H1) x BS22C0 and increases in 
BS22(H99HI) x BS21C0 and BS22(H99HI) x BS22C0. After RRS, grain 
moisture increased significantly in all BS21(R) testcrosses, while all 
testcrosses to BS22(R) decreased significantly. The responses for 
moisture averaged over all constant testers were significant for all 
population groups, and their direction of change reflects the same 
patterns as detected in the populations per se. The moisture trends of 
the interpopulation crosses were all significant, but their direction of 
change varied. However, the trend of each interpopulation cross is 
predictable when considering the changes in the populations per se of 
each side of the cross. 
Several observations can be made when comparing the mean values for 
grain moisture. Masking effects with the inbred tester, A632, is 
evident because the BS21C0 x À632 testcross was significantly drier than 
the BS21C0 population per se. This can be expected because A632 is 
known to contribute fast grain dry-down to hybrids. The moisture of the 
CI to C3 testcrosses of BS21(A632HI) x A632 remained constant despite 
the considerable drop in moisture of those cycles of BS21(A632H1) 
populations per se. However, the BS21(R) x A632 testcrosses were 
consistently drier than the BS21(R) cycle populations. Evidently, the 
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H99 tester caused masking effects, but in the opposite direction, 
because the BS22C0 x H99 testcross had a higher moisture than did the CO 
population per se (BS22C0). This pattern persisted in the BS22(R) x H99 
cycle testcrosses relative to the BS22(R) populations per se. but the Cl 
to C3 testcrosses of BS22(H99HI) x H99 had similar moistures as the same 
cycles in BS22(H99HI). However, the significantly higher moistures of 
the C2 and C3 testcrosses of BS22(R) to other testers (Â239, BS21C0, and 
BS22C0) relative to the BS22(R) populations per se suggest that the 
effect may be due to enhanced vigor when crossed to testers. Masking 
effects during RRSl may have made selection for grain moisture more 
difficult, but the effects on selection for grain yield should have been 
negligible unless undesirable correlations between the traits existed. • 
The grain moisture of BS21C0 x BS22C0 was similar to the mid-parent 
moisture. However, the moisture of BS21(R) x BS22(R) cycle crosses 
remained relatively high despite the strong linear decrease of the 
BS22(R) populations per se. BS21(Â632HI)C3 had a relatively low 
moisture and BS22(R)C3 was drier than any other entry in the experiment, 
but the moisture of the interpopulation cross [BS21(A632HI)C3 x 
BS22(R)C3] was relatively higher than the mid-parent response. These 
observations are probably due to the increased vigor of the 
interpopulation cross. 
The observed changes in grain moisture are not great enough to be 
of practical significance unless the changes are associated with 
detrimental changes in maturity. During the formation of testcross 
progenies, unequal synchronization between dates of pollen shed in the 
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population and silk emergence in the tester may cause a situation where 
a specific maturity group within a population is sampled more than other 
maturity groups. A change in maturity would have a significant impact 
on the potential value of the population if the population becomes too 
early in maturity to be competitive in northern Iowa environments. The 
changes in the populations per se would not reflect the expected changes 
(Table 3) because the estimates were made by comparing the selected 
testcrosses to the mean of all testcrosses after the testcrosses had 
been formed. 
In general, moisture values of the populations per se and crosses 
were similar to at least one of the single-cross hybrid checks. The 
moistures of the checks were: 18.4% for A632 x H99, 17.4% for A239 x 
A632, 19.0% for A239 x H99; and 19.5% for B87 x H99. However, several 
testcrosses, especially of later selection cycles, had lower grain 
moistures than the higher yielding checks, A632 x H99 and B87 x H99. If 
low moisture is correlated with maturity effects that are deleterious to 
grain production, the decreasing moisture trends may result in 
populations whose testcrosses are adapted to environments north of 
Iowa. Ultimately, this would decrease the chance of extracting lines 
from those populations that would be competitive in hybrids for northern 
Iowa environments. 
Decreases in root lodging were observed in all populations per se, 
except BS22(R) (Table 17). However, only the changes in BS22(H99HI) and 
BS21(R) were significant (-1.88% cycle~^  and -3.23% cycle~^ , 
respectively). Blackburn (1988) detected similar trends for root 
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lodging in the same populations. After RRS, improvement of root lodging 
resistance was highly significant and linear for BS21(R) x BS22(R) at a 
rate of -2.91% cycle"^ . However, no significant response was detected 
for root lodging in BS21(A632HI) x A632 or BS22(H99H1) x H99 
testcrosses, both improved by RRSI. These data indicate that RRS was 
more effective than RRSI for improvement of root lodging resistance in 
BS21 and BS22. 
Root lodging significantly decreased in all testcrosses to the 
inbred, A239, except for BS22(R). No significant trends were observed 
for root lodging in any cross involving BS22(R) cycle populations. In 
BS21(R) X A632 testcrosses, the amount of root lodging decreased 
significantly after two cycles, of selection, but increased in the C3. A 
significant quadratic trend was observed in BS21(R) x BS21C0, also, but 
the response was a slight initial increase followed by a significant 
reduction in root lodging during the second and third cycles. 
BS21(A632HI) x BS22C0 improved significantly, but most of the response 
was in the C3 testcross. The interpopulation crosses of BS21(R) x 
BS22(H99HI) and BS21(R) x BS21(A632HI) had highly significant, negative 
linear trends showing improved resistance to root lodging. However, no 
significant trends were detected in BS21(A632HI) x BS22(R) or BS22(R) x 
BS22(H99HI) crosses. When averaged over all constant testers, the 
BS21(A632HI) and BS22(H99HI) testcrosses had highly significant 
reductions in the amount of root lodging after three cycles of 
selection. Only one of the populations improved by RRS, BS21(R), showed 
significant improvement in testcross root lodging resistance when 
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averaged over testers. Although improvement of root lodging was more 
effective through RRS, the data for testcrosses when averaged over 
testers indicate that RRSI was more effective for improving BS21 and 
BS22 for root lodging resistance when crossed to several testers. 
The means showed that root lodging was considerably lower in the 
BS22C0 X H99 testcrosses compared with the amount of root lodging in 
BS22C0, indicating that H99 has a considerable masking effect for this 
trait when crossed to BS22. The masking effects can be expected because 
H99 is a short plant with strong roots. However, the effects of masking 
alleles for root lodging were not enough to block progress in 
BS22(H99H1) for resistance to root lodging. Comparisons of BS22(R) 
populations per se to their respective H99 testcrosses provide 
additional evidence for masking effects with this tester. Selection for 
root lodging resistance was more effective in BS21(R) than in BS22(R), 
probably because BS21 was formed by using BS20 (Table 1), the maize 
synthetic with excellent root characteristics. Masking effects of the 
BS21(R) tester may be limiting the improvement of resistance to root 
lodging in BS22(R). Despite the BS20 germplasm, BS21(A632HI) did not 
change significantly for root lodging resistance, probably because of 
less trait expression during testcross evaluations (Table 3). 
The root lodging means over environments for the single-cross 
hybrid checks were: 5.7% for A632 x H99, 6.7% for A239 x A632, 2.8% for 
A239 X H99, and 2.8% for B87 x H99. The cross of BS22C0 x H99 was the 
only CO entry in this experiment that was definitely equal to the best 
hybrid checks for root lodging resistance. However, three cycles of 
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selection effectively improved the level of resistance to root lodging 
in several populations per se and testcrosses to a point where they are 
not significantly different than the checks. 
Significant trends for stalk lodging (Table 18) were detected in 
all groups of populations per se. Both populations improved by RRS, 
BS21(R), and BS22(R), had highly significant linear reductions in the 
amount of stalk lodging after three cycles of selection. However, 
BS21(A632H1) and BS22(H99HI), the populations under selection by RRSI, 
had similar quadratic responses showing significant increases in 
susceptibility to stalk lodging from CO to C2, but significant increases 
in resistance by the third cycle. Furthermore, none of the testcrosses 
to the populations improved by RRSI, BS21(A632H1) and BS22(H99HI), had 
significant changes for stalk lodging except BS21(A632HI) x BS21C0, 
which had a quadratic trend similar to the BS21(A632HI) populations per 
se. The RRS populations, BS21(R) and BS22(R), had significant linear 
improvements for stalk lodging resistance when crossed to all testers, 
except BS22(R) when crossed to H99 or A239. The responses for the 
groups, averaged over testers, were similar to the individual 
testcrosses. Improvement for stalk lodging resistance was highly 
significant and linear for BS21(R) x BS22(R) at a rate of -2.61% 
cycle~^ . All other interpopulation crosses improved significantly but 
at less than half the rate observed for BS21(R) x BS22(R). Clearly, 
these data show that RRS was more effective than RRSI for improving 
stalk lodging resistance in BS21 and BS22. 
The BS22(H99HI) x H99 testcrosses showed better resistance to stalk 
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lodging than did the BS22(H99H1) populations per se. indicating that the 
inbred tester, H99, contains alleles that masked the expression of 
susceptible alleles within BS22. Therefore, the absence of stalk 
lodging improvement in CO to C2 of BS22(H99H1) may be attributed to 
confounding effects during testcross evaluations caused by the masking 
effects of H99. The interpopulation crosses of BS21(R) x BS22(H99HI) 
were significantly better than the BS22(H99HI) populations per se after 
CO indicating strong dominance associated with the alleles for stalk 
lodging resistance in BS21(R). However, the means of the other 
interpopulation crosses tended to be similar to the mid-parent values. 
The means of the single-cross check hybrids for stalk lodging 
were: 3.9% for A632 x H99, 6.3% for A239 x A632, 5.5% for A239 x H99, 
and 4.9% for B87 x H99. The amount of stalk lodging susceptibility of 
the CO populations per se and crosses tended to be greater than that of 
the single-cross hybrid checks. The inbred testcrosses of BS21C0 x 
A239, BS22C0 x H99, and BS22C0 x A239 showed higher levels of stalk 
lodging, but their means were generally not significantly different from 
the checks. The later cycle populations of BS21(R), BS22(R), and 
testcrosses with BS21(R) and BS22(R) were competitive with the checks 
for stalk lodging resistance. However, BS21(A632HI), BS22(H99HI), and 
their crosses will require better selection efforts to reduce the 
incidence of stalk lodging to a competitive level. 
The means and regression coefficients from the analysis of variance 
combined over 1987 environments for moisture and root lodging and the 
analyses of variance combined over 1987 and 1988 environments for yield 
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and stalk lodging allowed for comparisons of direct improvement after 
RRSl [BS21(Â632HI) X A632 and BS22(H99HI) x H99] and RRS [BS21(R) x 
BS22(R)]. Comparisons of indirect response could be made for the same 
traits relative to changes in the populations per se. population 
testcrosses to constant testers, and several interpopulation crosses. 
Russell and Eberhart (1975) proposed RRSI as a more efficient procedure 
than RRS for identifying inbreds with a potential for commercial 
application, while improving the cross between the two populations. A 
complete comparison of RRS and RRSI, therefore, would include the 
comparison between the interpopulation crosses of the two populations 
used in each procedure. Unfortunately, 1987 data could not be obtained 
for the crosses between the two populations improved by RRSI 
[BS21(A632HI) x BS22(H99HI)]. However, these crosses were evaluated in 
1988, thus, the direct interpopulation improvement of RRS [BS21(R) x 
BS22(R)] can be compared to the indirect interpopulation improvement of 
RRSI [BS21(A632HI) x BS22(H99HI)]. 
The analyses of variance combined over three 1988 environments for 
yield, moisture, root lodging, and stalk lodging are presented in the 
Appendix (Table A8). The analyses of variance will not be discussed in 
detail here, because the main effects of entries, entries x 
environments, and pooled error were discussed previously (Table 14). 
The relative importance of the partitions of the entries sums of squares 
were similar to those previously discussed for the analyses of variance 
combined over 1987 and 1988 environments. Table 19 shows the means and 
regression coefficients associated with the analyses of variance 
Table 19. Means over three environments in 1988 (Experiments 80114, 
80214, and 81014) and regression coefficients for three 
traits of BS21 and BS22 population crosses 
Mean of Cycles of selection 
Entry Trait check CO CI C2 C3 
Crosses 
BS21(A632HI) x A632 Grain 4.48 4.63 5.02 4.92 
BS22(H99HI) x H99 yield 5.12 5.25 5.66 5.25 
BS21(A632HI) x BS22(H99HI) (Mg ha" ) 4.64 4.62 4.63 4.60 
BS21(R) X BS22(R) 4.64 5.09 4.93 5.52 
BS21(R) X BS22(H99HI) 4.64 4.45 4.54 4.93 
BS21(A632HI) x BS22(R) 4.64 4.74 4.96 5.01 
Check 
A632 X H99 6.60 
Crosses 
BS21(A632HI) x A632 Grain 19.2 17.8 18.7 17.4 
BS22(H99HI) x H99 moisture 23.8 23.0 22.3 23.4 
BS21(A632HI) x BS22(H99HI) (%) 21.8 19.9 20.7 19.6 
BS21(R) X BS22(R) 21.8 20.7 20.5 20.9 
BS21(R) X BS22(H99HI) 21.8 21.0 22.2 23.1 
BS21(A632HI) x BS22(R) 21.8 20.9 20.0 19.1 
Check 
A632 X H99 22.1 
Crosses 
BS21(A632H1) x A632 Stalk 16.0 19.9 17.3 17.7 
BS22(H99HI) x H99 lodging 9.4 9.5 13.8 10.6 
BS21(A632HI) x BS22(H99HI) (%) 14.8 16.6 23.5 20.1 
BS21(R) X 8S22(R) 14.8 12.6 9.3 5.0 
BS21(R) X BS22(H99HI) 14.8 16.1 16.4 10.2 
BS21(A632HI) x BS22(R) 14.8 11.9 15.8 11.0 
Check 
A632 X H99 3.4 
• 
L^inear regression model is shown unless the quadratic model is 
significant. 
L^SD (0.05) value applies to pair-wise comparisons between and 
within entries. 
*,**Significant at the 0.05 and 0.01 probability levels, 
respectively. 
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LSD Regression coefficients^  
(0.05)b bo BQ 
4.43 0.20 ± 0.10* 
5.20 0.08 ± 0.10 
4.51 0.05 ± 0.08 
4.51 0.32 ± 0.08** 
4.51 0.09 ± 0.08 
4.51 0.19 ± 0.08* 
19.1 -0.51 0.24* 
23.7 -0.29 ± 0.24 
21.3 -0.56 ± 0.21* 
21.3 -0.25 ± 0.21 
21.3 0.52 ± 0.21* 
21.3 -0.67 ± 0.21** 
16.1 0.77 ± 0.96 
9.8 0.72 ± 0.96 
16.1 1.96 ± 0.80* 
16.1 -3.58 ± 0.80** 
16.1 -1.20 ± 0.80 
16.1 -1.64 ± 0.80* 
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combined over the three 1988 environments. The crosses presented were 
limited to those that would be important for comparisons to BS21(A632H1) 
X BS22(H99H1): (1) three sets of crosses representing direct 
improvement by using RRSL and RRS [BS21(Â632H1) X A632, BS22(H99H1) x 
H99, and BS21(R) x BS22(R)1, (2) two sets of crosses between a 
population improved by using RRSI and a population improved by using RRS 
[BS21(R) X BS22(H99HI) and BS21(A632HI) x BS22(R)], (3) a single-cross 
hybrid check, A632 x H99, and (4) BS21(A632HI) x BS22(H99HI). The means 
and regression coefficients for root lodging were not included in Table 
19, because there was very little expression for this trait in all 1988 
environments. 
Grain yield trends (Table 19) wete similar to those reported for 
the analysis combined over 1987 and 1988 data (Table 15). Yield 
improvement was significant for BS21(Aô32Hl) x Â632 and highly 
signifiant for BS21(R) x BS22(R), but BS22(H99HI) x H99 showed no 
significant yield response. No significant yield trend was detected 
for BS21(R) X BS22(H99H1), unlike the analysis over 1987 and 1988 
data. The crosses of BS21(A632HI) x BS22(R), however, significantly 
improved for yield at a similar rate for the same cross shown in Table 
15. The trend for BS21(A632HI) x BS22(H99HI) was nonsignificant 
indicating that RRS was considerably more effective than RRSl for 
improving yield in the crosses between the two populations under 
selection. Evidently, the lack of improvement in BS22 when the inbred, 
H99, was the tester was enough to offset the significant improvement 
detected in BS21(A632HI) x A632 to the extent that complementary 
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improvement between the two populations did not occur. None of the 
crosses had yield means that were as good as the yield of the single-
cross hybrid check, Â632 x H99. 
It is difficult to estimate the effect of the drought conditions on 
the trend observed for BS21(A632HI) x BS22(H99HI) because the crosses 
were not evaluated during 1987 when drought was not a factor. However, 
the regression coefficients of the population crnrses evaluated during 
both 1987 and 1988 growing seasons were essentially identical in all 
analyses, despite the drought. For example, the yield trend for BS21(R) 
X BS22(R) was highly significant during the drought year, 1988, at a 
rate of 0.32 Mg ha~^  cycle"^  (Table 19). The rates of improvement for 
the same crosses were identical in the analysis over 1987 and 1988, at a 
rate of 0.31 Mg ha~^  cycle"! (Table 15), and in the analysis of only 
1987 data at a response rate of 0.30 Mg ha'^  cycle'V (data not shown). 
Considering the consistent trends for other crosses, the response 
observed for BS21(A632H1) x BS22(H99HI) during the drought season was 
probably similar to the response that would have been observed had the 
drought not occurred. 
Significant linear decreases in grain moisture (Table 19) were 
observed for BS21(A632HI) x A632, BS21(A632HI) x BS22(H99HI), and 
BS21(A632HI) x BS22(R). Grain moisture increased significantly, 
however, for BS21(R) x BS22(U99HI) crosses. No significant trends were 
established in the two remaining sets of crosses, BS22(H99HI) x H99 and 
BS21(R) X BS22(R). However, the magnitude or direction of regression 
coefficients for the 1988 moisture data tended to be different from 
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those of the same crosses evaluated by using only 1987 data (Table 16), 
probably due to the relatively high pooled error and entries x 
environment mean squares associated with grain moisture in the 1988 
combined analysis of variance (Table 14). BS21C0 x A632 was 
significantly drier than all other CO crosses, indicating the 
contribution to fast grain dry-down of the A632 tester. All crosses 
involving BS21(A632H1) cycle populations became significantly drier than 
the check hybrid, A632 x H99, by the second or third cycles, presumably 
because of the strong decrease in moisture of BS21(A632H1) populations 
per se (Table 16). 
In general, changes in stalk lodging observed in the analysis of 
1988 data (Table 19) were similar to those of the same crosses in the 
combined analysis of 1987 and 1988 data. No significant trends were 
detected in BS21(A632HI) x A632 and BS22(H99HI) x H99 cycle 
testcrosses. The crosses of BS21(A632H1) x BS22(H99HI) showed an 
increase in stalk lodging susceptibility over cycles of selection (1.96% 
cycle"^ ), probably due to the significant stalk lodging increases 
observed in BS21(A632H1) and BS22(U99HI) populations per se (Table 
18). The increase of stalk lodging may have contributed substantially 
to the lack of yield improvement observed for BS21(A632HI) x BS22(H99HI) 
if the number of lodged plants in later cycle crosses interfered with 
complete mechanical harvesting of the grain. The trend for stalk 
lodging in BS21(R) x BS22(R) showed highly significant improvement of 
resistance at a linear rate of -3.58% cycle~^ , indicating that 
improvement of stalk lodging in the population cross between BS21 and 
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BS22 was more effective through RRS than RRSI. The crosses of BS21(R) x 
BS22(H99HI) and BS21(A632HL) x BS22(R) had decreasing trends for the 
level of stalk lodging, but only the trend for the latter group was 
significant. Masking effects of the inbred, H99, were evident because 
of the low incidence of stalk lodging in the BS22(H99H1) x H99 
testcrosses. The H99 testcrosses were generally not significantly 
different from the check hybrid, Â632 x H99, for the level of stalk 
lodging. BS21(R) X BS22(R) crosses of CO to CI were less resistant than 
the check to factors that cause stalk lodging, but selection increased 
the level of resistance to a point where the C2 to C3 interpopulation 
crosses are similar to the check. 
Experiment 15 
The two environments used for this experiment in 1987, the Agronomy 
and Agricultural Engineering Research Center (70515) and the Atomic 
Energy Farm (71215), provided optimum growing conditions for high maize 
yields of 7.49 Mg ha"^  and 8.09 Mg ha"^ , respectively (data not 
shown). The drought conditions of 1988, however, resulted in yield 
averages of 4.93 Mg ha"^  at the Agronony and Agricultural Engineering 
Research Center (80515) and 4.37 Mg ha~^  at the Iowa State University 
experiment station near Kanawha (81215), considerably lower than what 
optimum conditions would have produced. 
The analyses of variance for eleven traits combined over the four 
1987 and 1988 environments are shown in the Appendix (Table A9). Tables 
AlO and All of the Appendix show the analyses of variance combined over 
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the two 1987 environments and over the two 1988 environments, 
respectively. By comparing the trait means for 1987 (Table AlO) to 
those of 1988 (Table All), the most noticeable effects of the drought, 
other than lower yields, were: (1) longer delay of silk emergence 
(pollen-silk intervals of 3.7 days in 1988 and 1.8 days in 1987), (2) 
reduced plant growth (plant heights of 175.7 cm in 1988 and 206.4 cm in 
1987; ear heights of 79.6 cm in 1988 and 91.3 cm in 1987), and (3) 
lighter kernels (kernel depths of 6.6 mm in 1988 and 8.6 mm in 1987; 
300-kernel weights of 63.2 g in 1988 and 77.0 g in 1987). The effects 
of the drought conditions on the means of other traits seemed 
negligible. For all traits in the three combined analyses (Tables A9 to 
All), the coefficients of variation (CV) percentages and the mean 
squares for the pooled errors and entries x environment interactions 
were acceptable for maize experiments of this type. Furthermore, the 
pooled errors and entries x environment interactions for the combined 
analyses (Tables A9 to All) and the errors and CVs of the analyses of 
variance for.individual environments (data not shown) were generally 
consistent; consequently, the combined analyses of 1987 and 1988 data 
(Table A9) will be used to interpret the results for all traits. 
The mean squares for entries (Table A9) were highly significant for 
all traits. The entries x environment mean squares were highly 
significant for days to silk, plant height, and ear length, but 
nonsignificant for all other traits except ear height (significant). 
For all traits, however, the interaction mean squares were considerably 
smaller than the mean squares for entries. 
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As in Experiment 14, the entries sums of squares for all traits 
were partitioned into sums of squares for seven regression groups based 
on common CO genotypes (see Table 8). The regression group partitions 
are presented in the combined analyses.of variance (Table Â9). BS21 
Group was highly significant for all traits except kernel depth 
(significant) and 300-kernel weight (nonsignificant). Highly 
significant mean squares were observed for most traits in BS22 Group 
with the exceptions of a significant mean square for kernel depth and a 
nonsignificant value for grain yield. All inbred testcross groups and 
the group of crosses between BS21 and BS22 populations (BS21 x BS22 
Group) were highly significant for days to anthesis and days to silk, 
while none had significant yield mean squares. Pollen-silk interval was 
significant only in BS21 x A239 Group (highly significant). Highly 
significant values for plant height were observed in BS21 x BS22 Group 
and in the inbred testcross groups of BS21 x Â239 and BS22 x H99, while 
the same trait was significant in BS21 x A632 Group and nonsignificant 
in BS22 x A239 Group. The regression groups of BS21 x A632, BS21 x 
A239, and BS21 x BS22 were highly significant for ear height, but no 
significant mean squares were detected for this trait in the groups of 
inbred testcrosses involving BS22 populations [BS22 x H99 Group and BS22 
X A239 Group]. No significant mean squares were observed for ear length 
in any inbred testcross group or in BS21 x BS22 Group. Bar diameter was 
highly significant for BS22 x H99 and BS21 x BS22 Groups, significant 
for the BS22 x A239 regression group, and nonsignificant for groups of 
BS21 inbred testcrosses [BS21 x A632 Group and BS21 x A239 Group]. 
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Kernel depth was nonsignificant for all regression groups except BS21 x 
A632 (significant) and BS22 x A239 (highly significant). BS22 x H99, 
BS22 X A239, and BS21 x BS22 regression groups were highly significant 
for number of kernel rows, while the same trait was significant in BS21 
X A632 Group and nonsignificant in BS21 x A239 Group. Finally, no 
significant mean squares were detected in any inbred testcross group for 
300-kernel weight; however, this trait was highly significant in BS21 x 
BS22 Group. 
Each regression group was analyzed by least squares regression 
(Eberhart, 1964) and partitioned into the same sources of variation as 
described for Experiment 14. The combined analyses of variance (Table 
A9) shows the partitions of the regression groups and their mean 
squares. Specific details of the partitions of each regression group 
will not be discussed entirely because of the large number of traits and 
mean squares that would be included. Furthermore, no definite 
comparisons between RRS and RRSI can be made from the mean squares 
because some regression groups have more than one regression line in the 
analysis, as explained in Experiment 14. 
The means and regression coefficients for each trait (Tables 20 to 
30) provide a better way for evaluating changes with RRS and RRSI. In 
general, all regression groups had significant partitions for traits 
associated with plant growth and development (days to anthesis, days to 
silk, pollen-silk interval, plant height, and ear height). However, 
most of the changes in ear traits (ear length, ear diameter, kernel 
depth, number of kernel rows, 300-kernel. weight, and hand-harvested 
Table 20. Means over three environments in 1987 and 1988 (Experiments 
70515, 71215, and 80515) and regression coefficients for 
days to anthesis of BS21 and BS22 populations per se and 
crosses after RRS and RRSI 
Cycle of selection 
Entry Trait CO CI C2 C3 
Per se 
BS21(A632H1) Days to 32.4 29.6 28.5 28.3 
BS22(H99HI) anthesis 31.9 31.7 31.8 30.5 
BS21(R) (after 32.4 32.3 30.3 30.2 
BS22(R) June 1) 31.9 31.0 29.6 28.2 
Crosses 
BS21(A632H1) x Â632 33.3 31.8 31.9 32.1 
BS21(A632HI) x A239 34.2 32.9 33.1 32.6 
BS21(A632H1) x BS22C0 32.1 30.5 29.9 31.0 
BS21(A632HI) x BS21C0 32.4 31.3 30.1 30.2 
Average for testers 33.0 31.6 31.2 31.5 
BS22(H99HI) x H99 33.0 33.6 32.8 32.6 
BS22(H99H1) x A239 34.0 34.2 34.0 33.6 
BS22(H99H1) x BS21C0 32.1 31.1 31.3 30.3 
BS22(H99H1) x BS22C0 31.9 32.2 31.6 30.8 
Average for testers 32.8 32.8 32.4 31.8 
BS21(R) X A632 33.3 33.2 31.9 30.9 
BS21(R) X A239 34.2 33.9 34.1 32.9 
BS21(R) X BS22C0 32.1 32.1 29.8 29.1 
BS21(R) X BS21C0 32.4 32.1 31.0 29.8 
Average for testers 33.0 32.8 31.7 30.7 
BS22(R) X H99 33.0 32.6 31.4 30.3 
BS22(R) X A239 34.0 33.9 33.1 32.3 
BS22(R) X BS21C0 32.1 30.4 30.5 29.2 
BS22(R) X BS22C0 31.9 31.6 31.0 29.0 
Average for testers 32.8 32.1 31.5 30.2 
BS21(R) X BS22(R) 32.1 32.1 29.3 27.8 
BS21(R) X BS22(H99HI) 32.1 31.3 30.1 29.2 
BS21(A632H1) x BS22(R) 32.1 30.4 28.9 28.7 
BS21(R) X BS21(A632H1) 32.4 31.0 28.6 28.3 
BS22(R) X BS22(H99HI) 31.9 31.3 30.4 28.7 
L^inear regression model is shown unless the quadratic model is 
significant. 
L^SD (0.05) value applies to pair-wise comparisons between and 
within entries. 
*,**Significant at the 0.05 and 0.01 probability levels, 
respectively. 
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LSD Regression coefficients^  
(0.05)b bg bq 
0 .8  32.5 
32.3 
32.2 
32.3 
-3.50 ± 0.56** 
-0.48 ± 0.14** 
-0.69 ± 0.14** 
-1.34 ± 0.14** 
0.71 ± 0.20** 
33.3 -1.72 0.60** 0.44 ± 0.20* 
34.2 -0.58 ± 0.16** 
32.0 -2.34 ± 0.56** 0.66 ± 0.20** 
32.2 -0.79 ± 0.14** 
33.0 -1.80 ± 0.27** 0.43 ± 0.09** 
33.3 -0.18 ± 0.16 ——— 
34.2 -0.16 ± 0.16 —— 
31.9 -0.50 ± 0.14** —~ 
32.3 -0.41 ± 0.14** —— 
32.9 -0.33 ± 0.07** —~ 
33.2 -0.69 ± 0.16** —— 
34.2 -0.29 ± 0.16 — —— 
31.9 -0.92 ± 0.14** 
32.2 -0.69 ± 0.14** 
33.0 -0.16 1 0.27 0.21 ± 0.09* 
33.3 -0.96 ± 0.16** 
34.2 -0.58 ± 0.16** ——— 
31.9 -0.90 ± 0.14** —— 
32.3 -0.92 ± 0.14** — 
32.9 -0.85 ± 0.07** —~ 
32.0 -0.10 ± 0.56 -0.46 ± 0.20* 
31.9 -0.90 ± 0.14** 
31.9 -1.24 ± 0.14** —— 
32.2 -1.43 ± 0.14** —~ 
32.3 -1.10 ± 0.14** —— 
Table 21. Means over three environments in 1987 and 1988 (Experiments 
70515, 71215, and 80515) and regression coefficients for 
days to silk of BS21 and BS22 populations per se and crosses 
after RRS and RRSI 
Cycle of selection 
Entry Trait CO CI C2 C3 
Per se 
BS21(A632HI) Days to 35.6 31.1 31.4 31.0 
BS22(H99HI) silk 35.0 35.7 35.7 34.5 
BS21(R) (after 35.6 35.6 32.7 32.6 
BS22(R) June 1) 35.0 34.8 32.5 29.9 
Crosses 
BS21(Â632HI) X Â632 35.3 33.2 33.7 33.7 
BS21(A632HI) x A239 36.4 33.8 33.8 34.1 
BS21(A632H1) x BS22C0 35.3 32.5 32.6 33.7 
BS21(A632HI) x BS21C0 35.6 33.4 32.6 33.1 
Average for testers 35.6 33.2 33.2 33.6 
BS22(H99HI) x H99 35.1 35.8 34.4 35.1 
BS22(H99HI) x A239 35.6 35.9 35.4 35.2 
BS22(H99H1) x BS21C0 35.3 34.8 34.0 33.5 
BS22(U99H1) x BS22C0 35.0 36.0 34.7 34.7 
Average for testers 35.2 35.6 34.6 34.6 
BS21(R) X A632 35.3 35.6 34.4 33.8 
BS21(R) X A239 36.4 35.9 35.0 34.7 
BS21(R) X BS22C0 35.3 34.5 33.1 32.2 
BS21(R) X BS21C0 35.6 35.5 34.2 33.0 
Average for testers 35.6 35.4 34.2 33.4 
BS22(R) X H99 35.1 33.8 33.0 31.4 
BS22(R) X A239 35.6 35.3 34.1 33.8 
BS22(R) X BS21C0 35.3 34.2 33.4 31.9 
BS22(R) X BS22C0 35.0 35.0 34.4 33.0 
Average for testers 35.2 34.6 33.7 32.5 
BS21(R) X BS22(R) 35.3 34.9 32.6 30.7 
BS21(R) X BS22(H99HI) 35.3 34.4 32.9 31.9 
BS21(A632H1) x BS22(R) 35.3 32.6 32.1 31.7 
BS21(R) X BS21(A632HI) 35.6 33.1 31.4 31.2 
BS22(R) X BS22(H99HI) 35.0 35.2 33.1 32.0 
L^inear regression model is shown unless the quadratic model is 
significant. 
L^SD (0.05) value applies to pair-wise comparisons between and 
within entries. 
*,**Significant at the 0.05 and 0.01 probability levels, 
respectively. 
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LSD Regression coefficients* 
(0.05)» bo 
0.9 35.6 -4.74 ± 0.62** 1.09 ± 0.22** 
35.7 -0.24 ± 0.16 
35.1 -0.83 1 0.16** 
35.2 -0.04 ± 0.62 -0.58 ± 0.22** 
35.3 -2.12 ± 0.66** 0.55 ± 0.23* 
36.3 -2.88 ± 0.66** 0.72 ± 0.23** 
35.1 -3.26 ± 0.62** 0.94 ± 0.22** 
35.6 -2.86 ± 0.62** 0.68 ± 0.22** 
35.6 -2.79 ± 0.33** 0.72 ± 0.13** 
35.2 -0.09 ± 0.18 
35.7 -0.13 ± 0.18 
34.9 -0.44 ± 0.15** 
35.7 -0.34 ± 0.16* 
35.4 -0.26 ± 0.09** 
35.1 -0.35 ± 0.18 
36.0 -0.42 ± 0.18* 
34.9 -0.88 0.15** 
35.1 -0.53 ± 0.16** 
35.3 -0.56 ± 0.09** 
35.2 -1.24 ± 0.18** 
35.7 -0.67 ± 0.18** 
34.9 -0.91 ± 0.15** 
35.7 -0.82 0.16** 
35.4 -0.92 ± 0.09** 
35.1 -0.05 ± 0.62 -0.49 ± 0.22* 
34.9 -0.97 ± 0.15** 
35.1 -2.77 ± 0.62** 0.56 ± 0.22* 
35.6 -3.14 ± 0.62** 0.55 ± 0.22* 
35.7 -1.20 ± 0.16** 
Table 22. Means over three environments in 1987 and 1988 (Experiments 
70515, 71215, and 80515) and regression coefficients for 
pollen-silk interval of BS21 and BS22 populations per se and 
crosses after RRS and RRSI 
Cycle of selection 
Entry Trait CO CI C2 C3 
Per se 
BS21(A632HI) Pollen- 3.2 1.5 3.0 2.6 
BS22(H99HI) silk 3.1 4.0 3.8 4.0 
BS21(R) interval 3.2 3.2 2.4 2.3 
BS22(R) (days) 3.1 3.8 2.8 1.8 
Crosses 
BS21(Â632H1) X Â632 2.0 1.5 1.8 1.6 
BS21(A632HI) x Â239 2.1 0.8 0.8 1.5 
BS21(Â632HI) x BS22C0 3.2 1.9 2.7 2.7 
BS21(A632HI) x BS21C0 3.2 2.1 2.5 3.0 
Average for testers 2.6 1.6 2.0 2.2 
BS22(H99HI) x H99 2.1 2.2 1.6 2.5 
BS22(H99H1) x A239 1.5 1.7 1.3 1.7 
BS22(H99HI) x BS21C0 3.2 3.6 2.7 3.2 
BS22(H99H1) x BS22C0 3.1 3.8 3.1 3.9 
Average for testers 2.5 2.8 2.2 2.8 
BS21(R) X A632 2.0 2.4 2.5 2.9 
BS21(R) X A239 2.1 2.0 0.9 1.7 
BS21(R) X BS22C0 3.2 2.4 3.2 3.1 
BS21(R) X BS21C0 3.2 2.4 3.2 3.1 
Average for testers 2.6 2.3 2.4 2.7 
BS22(R) X H99 2.1 1.3 1.5 1.1 
BS22(R) X A239 1.5 1.3 1.0 1.4 
BS22(R) X BS21C0 3.2 3.8 2.9 2.8 
BS22(R) X BS22C0 3.1 3.4 3.5 3.9 
Average for testers 2.5 2.4 2.2 2.3 
BS21(R) X BS22(R) 3.2 2.8 3.3 2.9 
BS21(R) X BS22(H99HI) 3.2 3.1 2.8 2.8 
BS21(A632HI) x BS22(R) 3.2 2.2 3.2 3.0 
BS21(R) X BS21(A632HI) 3.2 2.1 2.8 2.8 
BS22(R) X BS22(H99H1) 3.1 3.9 2.8 3.3 
L^inear regression model is shown unless the quadratic model is 
significant. 
L^SD (0.05) value applies to pair-wise comparisons between and 
within entries. 
*,**Significant at the 0.05 and 0.01 probability levels, 
respectively. 
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LSD Regression coefficients* 
(0.05)b bg bji bq 
3.1 -1.17 ± 0.50* 0.37 ± 0.18* 
3.4 0.21 ± 0.13 
2.9 -0.15 ± 0.13 
3.3 0.72 0.50 -0.42 ± 0.18* 
1.9 -0.11 ± 0.14 
2.2 -1.76 ± 0.53** 0.51 
t 00 •—
1 d
 
•
H 
3.0 -0.17 ± 0.12 
3.1 -1.11 ± 0.50* 0.37 ± 0.18* 
2.6 -1.04 ± 0.27** 0.32 ± 0.09** 
1.9 0.08 ± 0.14 
1.5 0.03 ± 0.14 
3.0 0.06 ± 0.12 
3.4 0.06 ± 0.13 
2.5 0.04 ± 0.07 
1.9 0.33 ± 0.14* 
1.8 -0.14 ± 0.14 
3.0 0.02 ± 0.12 
2.9 0.15 ± 0.13 
2.4 0.08 ± 0.07 
1.9 -0.28 ± 0.14* 
1.5 -0.10 ± 0.14 
3.0 0.00 ± 0.12 
3.4 0.10 ± 0.13 
2.5 -0.09 ± 0.07 
3.0 0.02 ± 0.12 
3.0 -0.05 ± 0.12 
3.0 -0.01 ± 0.12 
2.9 -0.07 ± 0.13 
3.4 -0.10 0.13 
Tabla 23. Means over four environments in 1987 and 1988 (Experiments 
70515, 71215, 80515, and 81215) and regression coefficients 
for plant height of BS21 and BS22 populations per se and 
crosses after RRS and RRSl 
Cycle of selection 
Entry Trait CO CI C2 C3 
Per se 
BS21(A632HI) Plant 199.1 185.9 177.3 171.4 
BS22(H99HI) height ' 188.8 186.1 182.4 184.9 
BS21(R) (cm) 199.1 189.2 182.6 185.1 
BS22(R) 188.8 180.0 179.0 179.4 
Crosses 
BS21(A632HI) x A632 4 203.3 198.9 195.1 198.8 
BS21(A632HI) x A239 • 202.9 195.6 196.9 190.9 
BS21(A632H1) x BS22C0 193.2 189.0 182.4 189.4 
BS21(A632H1) x BS21C0 199.1 198.9 187.0 190.8 
Average for testers 199.6 195.6 190.4 192.5 
BS22(H99HI) x H99 177.6 185.8 183.0 186.1 
BS22(H99HI) x A239 199.3 194.7 192.9 198.6 
BS22(H99HI) x BS21C0 193.2 193.0 191.0 182.5 
BS22(H99H1) x BS22C0 188.8 191.0 186.2 187.4 
Average for testers 189.7 191.1 188.3 188.6 
BS21(R) X A632 203.3 206.4 199.6 196.6 
BS21(R) X A239 202.9 205.7 199.4 196.2 
BS21(R) X BS22C0 193.2 192.2 188.8 186.4 
BS21(R) X BS21C0 199.1 193.5 193.6 187.4 
Average for testers 199.6 199.5 195.4 191.6 
BS22(R) X H99 177.6 187.5 178.1 174.8 
BS22(R) X A239 199.3 198.7 196.0 191.9 
BS22(R) X BS21C0 193.2 191.1 191.8 186.0 
BS22(R) X BS22C0 188.8 191.9 185.8 187.2 
Average for testers 189.7 192.3 187.9 185.0 
BS21(R) X BS22(R) 193.2 194.9 188.6 185.2 
BS21(R) X BS22(H99HI) 193.2 191.4 189.1 189.1 
BS21(A632HI) x BS22(R) 193.2 189.3 185.0 188.5 
BS21(R) X BS21(A632HI) 199.1 189.8 184.6 180.7 
BS22(R) X BS22(H99HI) 188.8 192.5 185.6 188.0 
L^inear regression model is shown unless the quadratic model is 
significant. 
L^SD (0.05) value applies to pair-wise comparisons between and 
within entries. 
*,**Significant at the 0.05 and 0.01 probability levels, 
respectively. 
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LSD Regression coefficients* 
(0.05)b bo b& bq 
5.7 196.4 
189.0 
199.1 
190.6 
-8.56 ± 1.10** 
-2.00 ± 1.10 
-15.59 ± 4.35** 
-13.64 ± 4.35** 
3.80 ± 1.53* 
3.62 ± 1.53* 
203.1 -1.69 ± 1.24 
204.2 -4.51 ± 1.24** 
194.5 -3.00 ± 1.08* 
196.4 -2.18 ± 1.10* 
199.9 -7.11 ± 2.00** 1.50 ± 0.68* 
181.3 1.80 ± 1.24 
199.6 -1.75 ± 1.24 
194.5 -2.61 ± 1.08* 
189.0 -1.11 ± 1.10 
190.9 -0.86 ± 0.54 
203.1 -0.85 1.24 
204.1 -2.33 ± 1.24 
194.5 -1.84 ± 1.08 
196.4 -1.89 i 1.10 
199.6 -2.33 ± 0.54** 
181.3 -1.28 1.24 
199.6 -2.41 ± 1.24 
194.5 -2.12 ± 1.08 
189.0 -0.95 ± 1.10 
190.1 2.31 ± 2.00. -1.38 ± 0.68* 
194.5 -3.16 ± 1.08** 
194.5 -2.33 ± 1.08* 
194.5 -3.00 ± 1.08** 
196.4 -4.67 ± 1.10** 
189.0 -1.27 ± 1.10 
Table 24. Means over four environments in 1987 and 1988 (Experiments 
70515, 71215, 80515, and 81215) and regression coefficients 
for ear height of BS21 and BS22 populations per se and 
crosses after RRS and RRSl 
Cycle of selection 
Entry Trait CO CI C2 C3 
Per se 
BS21(A632HI) Ear 94.9 84.3 77.8 69.4 
BS22(H99HI) height 86.9 75.3 78.7 73.7 
BS21(R) (cm) 94.9 82.2 78.2 80.7 
BS22(R) 86.9 76.5 72.2 72.6 
Crosses 
BS21(A632H1) % Â632 94.3 90.4 88.0 88.6 
BS21(A632HI) x A239 103.3 101.1 96.8 91.2 
BS21(A632H1) x BS22C0 89.7 85.1 79.8 82.3 
BS21(A632H1) x BS21C0 94.9 97.3 85.1 87.0 
Average for testers 95.6 93.5 87.4 87.3 
BS22(H99HI) x H99 75.9 73.0 75.2 73.3 
BS22(H99HI) x A239 97.5 93.0 91.8 96.5 
BS22(H99HI) x BS21C0 89.7 84.4 85.8 79.5 
BS22(H99H1) x BS22C0 86.9 83.3 82.7 77.9 
Average for testers 87.5 83.4 83.9 31.8 
BS21(R) X A632 94.3 91.6 87.8 82.2 
BS21(R) X A239 103.3 102.2 97.7 92.5 
BS21(R) X BS22C0 89.7 84.1 82.7 77.5 
BS21(R) X BS21C0 94.9 92.1 85.2 85.3 
Average for testers 95.6 92.5 88.4 84.4 
BS22(R) X H99 75.9 75.7 72.6 69.6 
BS22(a) X A239 97.5 96.2 92.9 93.9 
BS22(R) X BS21C0 89.7 84.1 87.3 78.4 
BS22(R) X BS22C0 86.9 84.9 75.8 78.7 
Average for testers 87.5 85.2 82.2 80.2 
BS21(R) X BS22(R) 89.7 86.4 80.7 77.2 
BS21(R) X BS22(U99H1) 89.7 87.9 78.8 78.7 
BS21(A632HI) x BS22(R) 89.7 88.0 77.8 81.7 
BS21(R) X BS21(A632HI) 94.9 87.2 80.7 78.2 
BS22(R) X BS22(H99H1) 86.9 82.8 77.0 78.0 
L^inear regression model is shown unless the quadratic model is 
significant. 
L^SD (0.05) value applies to pair-wise comparisons between and 
within entries. 
*,««Significant at the 0.05 and 0.01 probability levels, 
respectively. 
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LSD Regression coefficients^  
(0.05)b bg bq 
4.4 94.6 -7.93 ± 0.85** 
87.0 -4.63 ± 0.85** 
97.2 -18.49 ± 3.36** 4.63 ± 1.18** 
89.1 -15.23 ± 3.36** 3.51 ± 1.18** 
96.4 -1.99 ± 0.96* 
106.4 -4.13 ± 0.96** 
91.6 -3.76 ± 0.83** 
94.6 -2.11 ± 0.85* 
95.7 -3.16 ± 0.42** 
78.9 -1.24 ± 0.96 
98.9 -0.98 ± 0.96 
91.6 -2.71 ± 0.83** 
87.0 -2.10 ± 0.85* 
87.1 -1.85 ± 0.42** 
96.4 -3.45 ± 0.96** 
106.4 -4.05 ± 0.96** 
91.6 -3.72 ± 0.83** 
94.6 -2.20 1 0.85* 
95.7 -3.71 ± 0.42** 
78.9 -2.15 ± 0.96* 
98.9 -1.21 ± 0.96 
91.6 -3.55 ± 0.83** 
87.0 -2.73 1 0.85** 
87.1 -2.30 ± 0.42** 
91.6 -4.41 ± 0.83** 
91.6 -4.35 ± 0.83** 
91.6 -3.81 ± 0.83** 
94.6 -5.00 ± 0.85** 
87.0 -3.53 ± 0.85** 
Table 25. Means over four environments in 1987 and 1988 (Experiments 
70515, 71215, 80515, and 81215) and regression coefficients 
for ear length of BS21 and BS22 populations per se and 
crosses after RRS and RRSl 
Cycle of selection 
Entry Trait CO CI C2 C3 
Per se 
BS21(A632HI) Ear 16.0 16.1 14.5 14.1 
BS22(H99HI) length 16.3 16.4 16.3 14.9 
BS21(R) (cm) 16.0 15.5 15.3 14.9 
BS22(R) 16.3 17.4 17.2 15.7 
Crosses 
BS21(A632HI) x A632 17.2 17.0 17.0 16.8 
BS21(A632HI) x A239 17.0 16.5 16.9 16.5 
BS21(A632HI) x BS22C0 16.4 15.6 15.9 15.8 
BS21(A632»I) X BS21C0 16.0 15.3 15.9 15.6 
Average for testers 16.6 16.1 16.4 16.2 
BS22(H99HI) x H99 16.4 16.7 16.7 17.3 
BS22(H99HI) x A239 17.6 17.2 17.8 17.2 
BS22(H99H1) x BS21C0 16.4 15.9 15.9 16.1 
BS22(H99HI) x BS22C0 16.3 16.4 • 16.9 16.4 
Average for testers 16.7 16.6 16.8 16.8 
BS21(R) X A632 17.2 17.1 17.2 16.4 
BS21(R) X A239 17.0 17.6 17.0 16.8 
BS21(R) X BS22C0 16.4 16.7 16.9 16.5 
BS21(R) X BS21C0 16.0 15.4 15.9 16.2 
Average for testers 16.6 16.7 16.8 16.5 
BS22(R) X H99 16.4 17.4 16.1 16.7 
BS22(R) X A239 17.6 17.6 17.7 17.0 
BS22(R) X BS21C0 16.4 16.7 16.2 16.2 
BS22(a) X BS22C0 16.3 16.9 16.5 16.2 
Average for testers 16.7 17.2 16.6 16.5 
BS21(R) X BS22(R) 16.4 16.6 16.6 15.8 
BS21(R) X BS22(H99HI) 16.4 17.2 16.1 16.7 
BS21(A632HI) x BS22(R) 16.4 16.5 16.0 16.6 
BS21(R) X BS21(A632HI) 16.0 15.0 15.4 15.0 
BS22(R) X BS22(a99Ul) 16.3 16.4 16.6 15.9 
L^inear regression model is shown unless the quadratic model is 
significant. 
L^SD (0.05) value applies to pair-wise comparisons between and 
within entries. 
*,**Significant at the 0.05 and 0.01 probability levels, 
respectively. 
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LSD Regression coefficients* 
(0.05)b bo bq 
15.9 -0.58 ± 0.16** 
16.7 -0.46 ± 0.16** 
15.9 -0.32 ± 0.16* 
16.3 1.78 ± 0.64* -0.66 ± 0.22** 
17.2 -0.13 ± 0.18 ——— 
17.1 -0.18 ± 0.18 
16.6 -0.32 ± 0.16* 
15.9 -0.10 ± 0.16 
16.6 -0.14 ± 0.09 
16.5 0.22 0.18 
17.6 -0.10 ± 0.18 
16.6 -0.24 ± 0.16 
16.7 -0.07 ± 0.16 
16.8 -0.01 ± 0.09 
17.2 -0.20 ± 0.18 
17.1 -0.03 ± 0.18 
16.6 0.05 t 0.16 
15.9 0.04 0.16 
16.6 0.03 ± 0.09 
16.5 0.04 ± 0.18 
17.6 -0.13 ± 0.18 
16.6 -0,06 ± 0.16 
16.7 -0.17 ± 0.16 
16.8 -0.06 ± 0.09 
16.6 -0.14 ± 0.16 
16.6 0.02 ± 0.16 
16.6 -0.05 ± 0.16 
15.9 -0.31 ± 0.16 
16.7 -0.21 0.16 — 
Table 26. Means over four environments in 1987 and 1988 (Experiments 
70515, 71215, 80515, and 81215) and regression coefficients 
for ear diameter of BS21 and BS22 populations per se and 
crosses after RRS and RRSl 
Cycle of selection 
Entry Trait CO CI C2 C3 
Per se 
BS21(A632H1) Ear 4.29 4.37 4.24 4.21 
BS22(H99HI) diameter 4.29 4.36 4.34 4.26 
BS21(R) (cm) 4.29 4.19 4.15 4.16 
BS22(R) 4.29 4.29 4.19 4.16 
Crosses 
BS21(A632HI) x A632 4.22 4.26 4.27 4.28 
BS21(A632HI) x A239 4.26 4.26 4.27 4.22 
BS21(A632H1) x BS22C0 4.31 4.32 4.41 4.40 
BS21(A632H1) x BS21C0 4.29 4.39 4.29 4.36 
Average for testers 4.27 4.31 4.31 4.32 
BS22(H99HI) x H99 4.24 4.19 4.29 4.33 
BS22(H99HI) x A239 4.34 4.29 4.28 4.36 
BS22(H99HI) x BS21C0 4.31 4.31 4.36 4.33 
BS22(H99HI) x BS22C0 4.29 4.33 4.30 4.34 
Average for testers 4.30 4.28 4.31 4.34 
BS21(R) X A632 4.22 4.15 4.25 4.19 
BS21(R) X A239 4.26 4.25 4.21 4.15 
BS21(R) X BS22C0 4.31 4.31 4.33 4.34 
BS21(R) X BS21C0 4.29 4.19 4.22 4.27 
Average for testers 4.27 4.22 4.25 4.24 
BS22(R) X H99 4.24 4.11 4.12 4.20 
BS22(R) X A239 4.34 4.30 4.21 4.19 
BS22(R) X BS21C0 4.31 4.34 4.22 4.25 
BS22(R) X BS22C0 4.29 4.31 4.19 4.22 
Average for testers 4.30 4.26 4.19 4.22 
BS21(R) X BS22(R) 4.31 4.18 4.26 4.25 
BS21(R) X BS22(H99HI) 4.31 4.29 4.30 4.36 
BS21(A632HI) x BS22(R) 4.31 4.36 4.29 4.31 
BS21(R) X BS21(A632H1) 4.29 4.33 4.29 4.27 
BS22(R) X BS22(H99HI) 4.29 4.28 4.24 4.31 
L^inear regression model is shown unless the quadratic model is 
significant. 
L^SD (0.05) value applies to pair-wise comparisons between and 
within entries. 
^Significant at the 0.05 and 0.01 probability levels, 
respectively. 
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LSD Regresaion coefficients^  
(0.05)b bg bq 
4.29 -0.02 0.02 
4.30 0.10 ± 0.06 -0.04 ± 0.02* 
4.29 -0.06 ± 0.02** 
4.31 -0.05 ± 0.02* 
4.21 0.03 ± 0.02 
4.27 -0.01 ± 0.02 
4.31 0.03 ± 0.01** 
4.29 0.02 ±.  0.02 
4.27 0.02 ± 0.01* 
4.20 0.04 ± 0.02* 
4.32 0.00 ± 0.02 
4.31 0.01 ± 0.01 
4.31 0.01 ± 0.02 
4.29 0.01 ± 0.03 
4.21 0.00 ± 0.02 
4.27 -0.04 ± 0.02* 
4.31 0.01 0.01 
4.30 -0.13 ± 0.06* 0.04 t 0.02* 
4.27 -0.01 ± 0.01 
4.23 -0.17 ± 0.06** 0.05 ± 0.02** 
4.32 -0.05 0.02* 
4.31 0.02 ± 0.01* 
4.31 -0.03 ± 0.02 
4.30 -0.08 0.03** 0.02 ± 0.01* 
4.33 -0.14 ± 0.06* 0.04 ± 0.02* 
4.31 0.01 ± 0.01 
4.31 0.00 ± 0.01 
4.29 -0.01 ± 0.02 
4.31 -0.01 ± 0.02 
Table 27. Means over four environments in 1987 and 1988 (Experiments 
70515, 71215, 80515, and 81215) and regression coefficients 
for kernel depth of BS21 and BS22 populations per se and 
crosses after RRS and RRSI 
Cycle of selection 
Entry Trait CO CI C2 C3 
Per se 
BS21(A632HI) Kernel 7.79 7.86 7.69 7.69 
BS22(H99H1) depth 7.32 7.54 7.58 6.91 
BS21(R) (mm) 7.79 7.54 7.12 7.42 
BS22(R) 7.32 7.82 7.19 7.43 
Crosses 
BS21(A632HI) x A632 7.48 7.93 7.65 7.98 
BS21(A632HI) x A239 7.81 7.92 7.82 7.84 
BS21(A632HI) x BS22C0 7.66 7.54 8.14 7.99 
BS21(A632HI) x BS21C0 7.79 8.16 7.98 8.17 
Average for testers 7.68 7.89 7.90 8.00 
BS22(H99HI) x H99 7.55 7.22 7.97 7.68 
BS22(H99HI) x A239 8.06 7.89 7.67 8.13 
BS22(H99HI) x BS21C0 7.66 7.38 7.92 7.44 
BS22(H99H1) x BS22C0. 7.32 7.51 7.87 7.29 
Average for testers 7.65 7.50 7.86 7.64 
BS21(R) X A632 7.48 7.11 7.54 7.39 
BS21(R) X A239 7.81 8.09 7.74 7.64 
BS21(R) X BS22C0 7.66 7.48 7.89 7.51 
BS21(R) X BS21C0 7.79 7.55 7.38 7.68 
Average for testers 7.68 7.56 7.64 7.56 
BS22(R) X H99 7.55 7.17 7.28 7.60 
BS22(R) X A239 8.06 8.12 7.35 7.31 
BS22(R) X BS21C0 7.66 7.83 7.44 7.46 
BS22(R) X BS22C0 7.32 7.76 7.15 7.11 
Average for testers 7.65 7.72 7.30 7.37 
BS21(R) X BS22(R) 7.66 7.27 7.41 7.33 
BS21(R) X BS22(H99H1) 7.66 7.52 7.77 7.77 
BS21(A632HI) x BS22(R) 7.66 7.77 7.28 7.54 
BS21(R) X BS21(A632HI) 7.79 7.96 7.54 7.54 
BS22(R) X BS22(H99H1) 7.32 7.18 7.10 7.64 
L^inear regression model is shown unless the quadratic model is 
significant. 
(0.05) value applies to pair-wise comparisons between and 
within entries. 
*,**Significant at the 0.05 and 0.01 probability levels, 
respectively. 
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LSD Regression coefficients^  
(0.05)'' bo bj b, 
0.45 7.80 -0.03 ± 0.08 
7.47 -0.10 ± 0.08 
7.80 -0.20 ± 0.08* — 
7.47 -0.02 ± 0.08 
7.47 0.17 ± 0.08* 
7.90 -0.02 ± 0.08 
7.64 0.14 ± 0.07* 
7.80 0.13 ± 0.08 
7.69 0.11 ± 0.04** 
7.40 0.13 ± 0.08 
8.05 -0.05 ± 0.08 
7.64 -0.02 ± 0.07 
7.47 0.02 ± 0.08 
7.66 0.01 ± 0.04 
7.47 -0.03 ± 0.08 
7.90 -0.07 ± 0.08 
7.64 0.00 ± 0.07 
7.80 -0.10 ± 0.08 
7.69 -0.04 ± 0.04 
7.40 0.01 ± 0.08 
8.05 -0.25 ± 0.08** 
7.64 -0.05 ± 0.07 
7.47 -0.10 ± 0.08 
7.66 -0.11 ± 0.04** 
7.64 -0.13 ± 0.07 
7.64 0.04 t 0.07 
7.64 -0.06 ± 0.07 
7.80 -0.08 ± 0.08 
7.47 -0.04 ± 0.08 
Table 28. Means over four environments in 1987 and 1988 (Experiments 
70515, 71215, 80515, and 81215) and regression coefficients 
for number of kernel rows of BS21 and BS22 populations per se 
and crosses after RRS and RRSl 
Cycle of selection 
Entry Trait CO CI C2 C3 
Per se • 
BS21(A632HI) Number of 15.7 15.5 15.4 16.3 
BS22(H99HI) kernel 16.2 17.7 17.2 17.1 
BS21(R) rows 15.7 15.4 15.3 16.4 
BS22(R) 16.2 15.9 15.6 15.1 
Crosses 
BS21(A632HI) x A632 15.5 14.8 15.2 15.4 
BS21(A632HI) x A239 15.4 15.1 15.6 15.6 
BS21(A632HI) x BS22C0 15.9 16.2 16.7 16.8 
BS21(A632HI) x BS21C0 15.7 16.3 15.5 15.9 
Average for testers 15.6 15.6 15.8 15.9 
BS22(H99HI) x H99 14.6 14.7 14.9 15.0 
BS22(H99H1) x A239 16.3 16.5 16.4 16.3 
BS22(H99HI) x BS21C0 15.9 16.8 17.0 17.2 
BS22(H99HI) x BS22C0 16.2 17.1 17.2 17.3 
Average for testers 15.8 16.3 16.4 16.4 
BS21(R) X A632 15.5 14.8 15.4 15.0 
BS21(R) X A239 15.4 15.1 15.6 15.3 
BS21(R) X BS22C0 15.9 16.4 15.9 16.6 
BS21(R) X BS21C0 15.7 15.2 15.2 15.6 
Average for testers 15.6 15.4 15.5 15.6 
BS22(R) X H99 14.6 14.3 13.8 13.7 
BS22(R) X A239 16.3 16.0 15.1 15.7 
BS22(R) X BS21C0 15.9 15.8 15.5 15.5 
BS22(R) X BS22C0 16.2 16.6 16.0 16.0 
Average for testers 15.8 15.7 15.1 15.2 
BS21(R) X BS22(R) 15.9 16.1 15.4 15.6 
BS21(R) X BS22(H99HI) 15.9 16.5 16.2 17.2 
BS21(A632HI) x BS22(R) 15.9 16.3 15.9 15.4 
BS21(R) X BS21(A632HI) 15.7 15.9 15.8 16.2 
BS22(R) X BS22(H99H1) 16.2 16.9 16.6 16.4 
L^inear regression model is shown unless the quadratic model is 
significant. 
"^LSD (0.05) value applies to pair-wise comparisons between and 
within entries. 
*,**Significant at the 0.05 and 0.01 probability levels, 
respectively. 
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LSD Regression coefficients* 
(0.05)° to "a tq 
0.4 15.8 -0.66 ± 0.27* 0.28 ± 0.09** 
16.3 1.54 ± 0.27** -0.44 ± 0.09** 
15.8 -0.87 ± 0.27** 0.35 ± 0.09** 
16.5 -0.49 ± 0.07** 
15.4 -0.67 ± 0.28* 0.22 ± 0.10* 
15.3 0.09 ± 0.08 
16.1 0.24 ± 0.07** 
15.5 0.14 ±0.07* 
15.5 0.12 ± 0.04** 
14.6 0.14 ± 0.08 
16.2 0.05 ± 0.08 
16.1 0.42 ± 0.07** 
16.3 0.98 ± 0.27** -0.22 ± 0.09* 
15.8 0.54 ± 0.14** -0.12 ± 0.05* 
15.3 -0.09 ± 0.08 
15.3 0.03 ± 0.08 
16.1 0.10 ± 0.07 
15.8 -0.80 ± 0.27** 0.25 ± 0.09* 
15.5 0.00 ± 0.04 
14.6 -0.33 ± 0.08** 
16.3 -0.93 ± 0.28** 0.23 ± 0.10* 
16.1 -0.23 ± 0.07** 
16.5 -0.18 ± 0.07** 
15.9 -0.27 ± 0.04** 
16.1 -0.22 ± 0.07** 
16.1 0.26 ± 0.07** 
16.1 0.33 ± 0.26 -0.19 ± 0.09* 
15.5 0.21 ± 0,07** 
16.3 0.72 ± 0.27** -0.23 ± 0.09** 
Table 29. Means over four environments in 1987 and 1988 (Experiments 
70515, 71215, 80515, and 81215) and regression coefficients 
for 300-kernel weight of BS21 and BS22 populations per se 
and crosses after RRS and RRSl 
Cycle of selection 
Entry Trait CO CI C2 C3 
Per se 
BS21(A632HI) 300- 72.9 72.7 66.4 66.9 
BS22(H99HI) kernel 67.9 60.9 62.1 61.2 
BS21(R) weight 72.9 71.1 69.7 67.0 
BS22(R) (g) 67.9 65.3 69.6 70.9 
Crosses 
BS21(A632H1) x A632 73.7 76.6 71.2 75.9 
BS21(A632HI) x A239 72.7 73.4 70.0 71.2 
BS21(A632HI) x BS22C0 71.8 69.6 68.9 71.3 
BS21(A632HI) x BS21C0 72.9 70.9 68.5 70.7 
Average for testers 72.8 72.6 69.6 72.3 
BS22(H99HI) x H99 71.7 70.2 72.1 72.2 
BS22(H99H1) x A239 69.3 67.4 65.7 67.1 
BS22(H99H1) x BS21C0 71.8 66.1 69.0 65.5 
BS22(H99H1) x BS22C0 67.9 65.9 64.0 66.1 
Average for testers 70.2 67.4 67.7 67.7 
BS21(R) X A632 73.7 73.4 78.3 71.4 
BS21(R) X A239 72.7 71.9 73.6 72.1 
BS21(R) X BS22C0 71.8 70.4 72.6 66.6 
BS21(R) X BS21C0 72.9 70.8 70.3 73.2 
Average for testers 72.8 71.6 73.7 70.8 
BS22(R) X H99 71.7 69.6 70.3 69.6 
BS22(R) X A239 69.3 70.4 69.9 66.9 
BS22(R) X BS21C0 71.8 73.7 68.1 70.7 
BS22(R) X BS22C0 67.9 68.8 63.0 69.0 
Average for testers 70.2 70.6 67.8 69.0 
BS21(R) X BS22(R) 71.8 66.2 70.7 71.4 
BS21(R) X BS22(H99H1) 71.8 68.2 67.3 63.3 
BS21(A632H1) x BS22(R) 71.8 67.5 67.4 70.6 
BS21(R) X BS21(A632H1) 72.9 68.6 70.6 67.4 
BS22(R) X BS22(H99H1) 67.9 60.1 64.6 64.2 
L^inear regression model is shown unless the quadratic model is 
significant. 
L^SO (0.05) value applies to pair-wise comparisons between and 
within entries. 
*,**Significant at the 0.05 and 0.01 probability levels, 
respectively. 
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LSD Regression coefficients* 
(0.05)» 
"o h 
3.9 72.3 -1.96 ± 0.65** 
66.5 -2.18 ± 0.65** 
72.3 -1.57 ± 0.65* 
66.5 1.28 ± 0.65* 
74.3 0.06 ± 0.74 
72.8 -0.70 ± 0.74 
72.1 -0.17 ± 0.64 
72.3 -0.96 ± 0.65 
72.7 -0.52 ± 0.36 
71.1 0.32 ± 0.74 
69.5 -1.20 ± 0.74 
70.6 -1.66 ± 0.64** 
• 66.5 -0.50 ± 0.65 
69.8 -0.94 ± 0.36** 
74.3 -0.12 ± 0.74 
72.8 -0.10 ± 0.74 
72.1 -0.60 0.64 
72.3 -0.18 ± 0.65 
72.7 -0.32 ± 0.36 
71.1 -0.55 0.74 
69.5 -0.41 ± 0.74 
70.6 0.83 0.64 
66.5 0.18 ± 0.65 
• 
69.8 -0.42 ± 0.36 
72.1 -5.48 ± 2.57* 1.84 ± 0.90* 
70.6 -2.22 ± 0.64** 
72.1 -6.36 ± 2.57* 1.96 ± 0.90* 
72.3 -1.53 ± 0.65* 
66.5 -0.80 ± 0.65 
Table 30. Means over four environments in 1987 and 1988 (Experiments 
70515, 71215, 80515, and 81215) and regression coefficients 
for hand-harvested grain yield of BS21 and BS22 populations 
per se and crosses after RRS and RRSl 
Cycle of selection 
Entry Trait CO CI C2 C3 
Per se 
BS21(A632H1) Grain 5.99 6.12 4.99 5.04 
BS22(H99HI) yield 5.74 6.12 5.89 5.50 
BS21(R) (Mg ha" ) 5.99 5.64 5.22 5.22 
BS22(R) 5.74 5.95 5.74 5.81 
Crosses 
BS21(A632H1) x Â632 6.42 6.47 6.39 6.46 
BS21(A632HI) x A239 6.59 6.34 6.75 6.42 
BS21(A632HI) x BS22C0 6.12 5.82 6.22 6.07 
BS21(A632H1) x BS21C0 5.99 5.92 5.80 5.76 
Average for testers 6.28 6.14 6.29 6.18 
BS22(H99HI) x H99 6.19 6.22 6.25 6.71 
BS22(H99HI) x A239 7.10 6.88 7.14 6.93 
BS22(H99HI) x BS21C0 6.12 5.94 6.08 6.20 
BS22(H99H1) x BS22C0 5.74 6.45 5.95 5.88 
Average for testers 6.29 6.37 6.36 6.43 
BS21(R) X A632 6.42 6.12 6.61 5.96 
BS21(R) X A239 6.59 6.92 6.71 6.49 
BS21(R) X BS22C0 6.12 5.96 6.43 6.29 
BS21(R) X BS21C0 5.99 5.64 5.89 6.03 
Average for testers 6.28 6.16 6.41 6.19 
BS22(R) X H99 6.19 6.20 5.83 6.18 
BS22(R) X A239 7.10 7.13 7.03 6.58 
BS22(R) X BS21C0 6.12 6.58 5.99 5.88 
BS22(R) X BS22C0 5.74 6.22 5.74 5.94 
Average for testers 6.29 6.53 6.15 6.14 
BS21(R) X BS22(R) 6.12 6.08 6.10 5.94 
BS21(R) X BS22(H99H1) 6.12 6.13 6.03 6.33 
BS21(A632HI) x BS22(R) , 6.12 6.32 5.95 6.67 
BS21(R) X BS21(A632H1) 5.99 5.78 5.68 5.30 
BS22(R) X BS22(H99H1) 5.74 6.06 5.87 5.91 
L^inear regression model is shown unless the quadratic model is 
significant. 
L^SD (0.05) value applies to pair-wise comparisons between and 
within entries. 
*,**Significant at the 0.05 and 0.01 probability levels, 
respectively. 
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LSD Regression coefficients^  
(0.05)'' BO BJ B. 
0.43 5.97 
5.97 
5.97 
5.97 
-0.33 ± 0.07** 
-0.10 ± 0.07 
-0.29 ± 0.07** 
-0.07 ± 0.07 
6.42 0.01 ± 0.08 
6.65 -0.06 ± 0.08 
6.21 -0.06 ± 0.07 
5.97 -0.08 ± 0.07 
6.25 -0.02 ± 0.04 
6.13 0.15 ± 0.08 
7.13 -0.06 ± 0.08 
6.21 -0.04 ± 0.07 
5.97 0.01 ± 0.07 
6.35 0.02 ± 0.04 
6.42 -0.09 ± 0.08 
6.65 -0.01 ± 0.08 
6.21 0.03 ± 0.07 
5.97 -0.02 ± 0.07 
6.25 0.00 ± 0.04 
6.13 -0.03 ± 0.08 
7.13 -0.13 ± 0.08 
6.21 -0.08 ±0.07 
5.97 -0.02 ± 0.07 
6.35 -0.06 ± 0.04 
6.21 -0.08 ± 0.07 
6.21 -0.01 ± 0.07 
6.21 0.07 ± 0.07 
5.97 -0.20 ± 0.07** 
5.97 -0.20 ± 0.07 
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grain yield) were limited to the groups containing the populations per 
se (BS21 Group and BS22 Group) and the crosses between BS21 and BS22 
populations (BS21 x BS22 Group). BS21 x Â632 had some linear changes 
associated with kernel depth as indicated by the significant mean 
squares for linear and among-linear regression models. Significant 
linear and linear partitions were detected in BS22 x H99 and BS22 x A239 
Groups for ear diameter and number of kernel rows, while only BS22 x 
A239 Group had significant linear and linear partitions for kernel 
depth. Quadratic and average quadratic regressions were significant for 
ear diameter in BS22 x H99 Group. 
The linear regression model explained most of the variation in all 
regression groups for days, to anthesis, days to silk, plant height, ear 
diameter, 300-kernel weight, and yield. In most regression groups, the 
remaining traits were also best explained through the linear models; 
however, the quadratic models were more important for pollen-silk 
interval in the groups of BS21 and BS21 x A239, number of kernel rows in 
BS21 Group, and kernel depth and ear length in BS22 Group. The average 
linear model was generally more important than the difference among 
linear regressions for four plant traits (days to anthesis, days to 
silk, plant height, and ear height). The among-linear regression model 
was more important than the average linear model for days to anthesis in 
the groups of BS22 inbred testcrosses (BS22 x H99 Group and BS22 x A239 
Group), plant height in BS22 x H99 Group, and pollen-silk interval for 
the regression groups of BS22, BS22 x H99, and BS21 x A632. When the 
quadratic model was significant, most of the regressions could be 
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explained with the average quadratic model. However, the differences 
among quadratic regressions were more important in BS21 x Â632, BS21 x 
A239, and BS21 x BS22 Groups for days to anthesis and days to silk. Ear 
diameter, kernel depth, and number of kernel rows were the only ear 
traits with significant linear or quadratic partitions (average or 
among) in more than two regression groups. Generally, the among-linear 
or among-quadratic regression models explained considerably more of the 
variation for each ear trait, probably because most of the change for 
the ear trait was associated with only one or two regression lines in 
the regression group. In plant or ear traits that were significant for 
both linear and quadratic regression models, the mean squares for either 
the average linear model or the among-linear partition was usually more 
important than the partitions of the quadratic regression model. 
The means and regression coefficients (Tables 20 to 30) showed that 
there were generally more changes associated with plant traits after 
cycles of recurrent selection than changes in ear traits, probably 
because of selection pressure applied during the formation of testcross 
progenies and again at harvest for plants with desirable agronomic 
characteristics. The same observation was made by Blackburn (1988) 
after evaluating the same BS21 and BS22 populations. 
Days to anthesis (Table 20) changed significantly in all 
populations per se and in most population crosses. BS21(A632H1) had a 
significant quadratic trend due to a large decrease in the number of 
days to anthesis in the CI followed by a slower rate of change in later 
cycles. Highly significant linear decreases were detected in all other 
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groups of populations per se. Significant quadratic reductions for days 
to anthesis were observed in the interpopulation crosses of BS21(R) x 
BS22(R), the BS21(A632Hl) cycle testcrosses to Â632 and BS22C0, and the 
average over all testers of BS21(A632Hl) and BS21(R) cycle 
testcrosses. All other interpopulation crosses, testcrosses to constant 
testers, and testcross averages were highly significant for linear 
decreases of days to anthesis, except nonsignificant trends observed in 
BS22(H99HI) x H99, BS22(H99HI) x A239, and BS21(R) x A239 testcross 
groups. In general, the trends for population crosses paralleled the 
responses observed in the respective populations per se. 
The mean values for days to anthesis in the single-cross hybrid 
checks were: 34.2 days after June 1 for A632 x H99, 34.9 days for A239 
X A632, 35.1 days for A239 x H99, and 35.6 days for B87 x H99. The CO 
populations per se (BS21C0 and BS22C0) and BS21C0 x BS22C0 were earlier 
than the check hybrids for shedding pollen. By C3, pollen shed of the 
populations per se, testcrosses, and interpopulation crosses were even 
earlier relative to the checks. 
Highly significant quadratic trends were detected for days to silk 
(Table 21) in the cycle populations of BS21(A632HI) and BS22(R). As for 
days to anthesis, the response for BS21(A632HI) was attributed to a 
large reduction (4.5 days) in days to silk in CI followed by no 
significant change in later cycles. Little change occurred in BS22(R), 
however, until C2, but the largest change in this group was a 
considerable decrease (2.6 days) in the third cycle. BS21(R) became 
earlier for silk emergence as indicated by the highly significant linear 
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regression coefficient, but no change was detected in the BS22(H99H1) 
cycle populations. All testcrosses of BS21(A632HI) populations and the 
average over testers for this group had significant quadratic trends for 
days to silk, similar to the response observed in BS21(A632HI) 
populations per se. The inbred testcrosses of BS22(H99H1) populations 
were similar (nonsignificant trends) to the BS22(H99HI) cycle 
populations, but significant linear decreases were detected in 
BS22(H99HI) x BS21C0, BS22(H99HI) x BS22C0, and in the average over 
testers of BS22(H99HI) testcrosses. Silk dates decreased in all 
testcrosses of BS21(R) and BS22(R); however, the regression coefficient 
for BS21(R) X A632 was nonsignificant. A significant quadratic response 
was detected in the interpopulation crosses of BS21(R) x BS22(R) due to 
a small decrease in days to silk in Cl and larger decreases in the 
second and third cycles. BS21(A632HI) x BS22(R) and BS21(R) x 
BS21(A632HI) had significant quadratic trends, also, but the largest 
changes (decreases) occurred early in Cl probably due to the same 
response in BS21(A632HI) populations per se. The remaining groups, 
BS21(R) X BS22(H99HI) and BS22(R) x BS22(H99HI), had highly significant 
and negative linear trends for changes in days to silk. 
Silk date means in the single-cross hybrid checks were: 35.1 days 
after June 1 for A632 x H99, 35.4 days for A239 x A632, 35.4 days for 
A239 X H99, and 36.1 days for B87 x H99. Silk dates of all CO 
populations, CO testcrosses, and CO interpopulation crosses were not 
significantly different than the checks. However, silks of most 
populations, testcrosses, and interpopulation crosses emerged 
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significantly earlier than the check hybrids in later cycles. The 
BS22(H99HI) populations per se and testcrosses tended to be similar to 
the single-cross hybrids because of the lack of change for days to silk 
in the populations per se. The differences for days to silk between the 
populations and checks were considerably less than the differences for 
days to anthesis. 
There were few significant changes associated with pollen-silk 
interval (Table 22) among the cycle groups. The BS21(A632HI) and 
BS22(R) populations per se had significant quadratic responses leading 
to closer synchronization of silk emergence and pollen shed. However, 
BS22(H99U1) and BS21(R) populations per se showed no significant 
trends. Changes in the BS21(A632H1) testcrosses tended to be similar to 
the response observed in the populations per se. Considerable decreases 
for pollen-silk interval in Cl resulted in significant quadratic trends 
for BS21(A632HI) x A239 and BS21(A632HI) x BS21C0. Although no 
significant changes were detected in BS21(A632HI) x A632 and 
BS21(A632HI) x BS22C0, the average response over all testers in the 
BS21(A632H1) testcrosses was highly significant and quadratic. Pollen-
silk interval increased significantly in BS21(R) x A632 over three 
cycles of RRS, but BS22(R) x H99 had a significant decrease. No other 
testcross group of BS21(R) or BS22(R) had significant changes for 
pollen-silk interval. Furthermore, no significant trends were detected 
in BS22(H99HI) testcrosses or interpopulation crosses. 
The hybrid checks tended to exsert silk during the same day that 
their pollen began to shed. The check averages for pollen-silk interval 
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were: 0.9 days for A632 x H99, 0.5 days for A239 x Â632, 0.3 days for 
A239 X H99, and 0.5 days for B87 x H99. None of the CO populations per 
ae or crosses was similar to the checks for pollen-silk interval, except 
BS22C0 X A239. This observation was also true of the C3 populations and 
most 03 crosses. However, the inbred testcrosses of all population 
groups, except those crossed to H99, were not significantly different 
from the check, A632 x H99. Evidently, the vigorous nature of crosses 
involving elite inbreds had an effect on pollen-silk synchronization 
with the exception of the inbred, H99. 
Plant height (Table 23) decreased linearly in both populations 
improved by RRSI, BS21(A632Hl) and BS22(H99H1); however, only the trend 
for BS21(A632HI) was significant; Both populations improved by RRS, 
BS21(R) and BS22(R), had significant quadratic trends due to decreases 
in plant height through C2 followed by no significant change in the 
third cycle. All of the BS21(A632HI) testcrosses, including the average 
over testers, had significant decreases in plant height, except 
BS21(A632H1) x A632. However, the linear decrease in plant height of 
the BS22(H99HI) x BS21C0 testcross group was the only significant trend 
observed among the BS22(H99HI) testcrosses. Based on average responses 
over testers, plant height decreased significantly in BS21(R) 
testcrosses (linear) and in BS22(R) testcrosses (quadratic). However, 
none of the individual testcrosses of BS21(R) and BS22(R) had 
significant trends. Significant linear decreases were observed for 
plant height in all interpopulation crosses, except in the crosses of 
related BS22 populations [BS22(R) x BS22(H99HI)]. 
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Plant heights for the single-cross hybrid checks averaged over 
environments were: 205.3 cm for A632 x H99, 220.2 cm for Â239 x A632, 
194.8 cm for A239 x H99, and 208.1 for B87 x H99. BS21C0 and BS22C0 
were shorter than all checks except Â239 x H99. Furthermore, most 
testcrosses, especially those involving H99, were shorter than the three 
taller checks. The BS21C0 x Â632 and BS21C0 x A239 testcrosses, 
however, were similar in plant height to A632 x H99 and B87 x H99. By 
the third cycle of selection, only the A632 and A239 inbred testcrosses 
and the testcrosses of BS21(A632HI) x BS22C0 and BS21(A632H1) x BS21C0 
were as tall as the shortest hybrid check, A239 x H99. 
All populations per se and crosses had decreases for ear height 
(Table 24). Mean changes for ear height in the populations per se were 
similar to those of plant height (Table 23) in the same populations, 
except all ear height trends were significant. Linear ear height trends 
were detected in BS21(A632H1) and BS22(H99H1), while changes in BS21(R) 
and BS22(R) were quadratic. All testcrosses and interpopulation crosses 
had significant linear decreases for ear height, except BS22(R) x A239 
and the inbred testcrosses of BS22(H99HI) [BS22(H99HI) x H99 and 
BS22(H99HI) x A239]. 
Ear height means in the hybrid checks were: 89.8 cm for A632 x 
H99, 105.3 cm for A239 x A632, 92.3 cm for A239 x H99, arid 88.8 cm for 
B87 X H99. The CO populations per se and crosses tended to be similar 
to the hybrid checks, or taller, for ear height. By the C3, the 
populations per se. interpopulation crosses, and several testcrosses to 
constant testers had significantly lower ear heights than all checks. 
150 
probably associated with changes in the populations per se towards 
earlier maturity. However, the inbred testcrosses with A632 and A239 
were similar to the checks, while all cycle testcrosses involving H99 
had considerably lower ear heights than the checks. 
The significant decreases observed for plant height and ear height 
in the populations per se may indicate that inbreeding depression is 
occurring in the BS21 and BS22 populations. However, the decreases in 
days to flowering in BS21 and BS22 populations per se do not support the 
inbreeding hypothesis. Hallauer and Miranda (1988) cite several studies 
showing that inbreeding depression reduces the overall vigor of maize 
plants resulting in decreased plant height and ear height, while days to 
flowering increases. Unintentional selection of early flowering plants 
during testcross pollinations may explain the decreases in days to 
flowering, especially in BS21(Â632HI) where a significant decrease in 
days to anthesis and days to silk occurred from CO to Cl. The effects 
of such selection may have masked the normal inbreeding effect on 
flowering dates, especially when the major change in days to flowering 
occurred in just one cycle of selection as in BS21(Â632H1). This change 
occurred even though synchronization between pollen production in BS21C0 
and silk emergence in A632 was excellent during 1975 [Maize Breeding 
Research Project Annual Report 1976. Iowa State University, Ames (W. A. 
Russell, Unpublished)]; however, synchronization may have been better 
for the earlier plants. 
In general, the changes for plant traits in the testcross groups 
were similar to those changes in their respective populations per se 
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(Tables 20 to 23). However, several testcrosses, especially those 
involving inbred testers, had trait means of different magnitudes 
relative to the populations per se. For days to anthesis (Table 20), 
all inbred testcrosses were earlier than their respective populations 
per se. All CO testcrosses were similar to the populations per se for 
days to silk (Table 21); however, they became earlier than the 
populations in later cycles. The CO testcrosses to inbred testers had 
shorter pollen-silk intervals (Table 22) than their related populations 
per se. For plant height (Table 22) and ear height (Table 23), the 
populations tended to be shorter than the testcrosses. Furthermore, the 
differences between means of the populations per se and the testcrosses 
tended to become larger for all traits in later cycles. These 
observations support the hypothesis of inbreeding in the populations per 
se. Evidently, the populations have become less vigorous over cycles of 
selection, but the genotype of the tester restored the vigor by 
compensating for the allelic changes that occurred from CO to C3 in the 
populations per se. The interpopulation crosses were generally similar 
to the mid-parent values for all plant traits (Tables 20-23); however, 
they tended to be closer in magnitude to the more vigorous parent 
(earlier flowering, shorter pollen-silk interval, and taller plant and 
ear heights). 
Ear length (Table 25) changed significantly over cycles of 
selection in all populations per se. Linear decreases were observed in 
BS21(A632H1), BS22(H99HI), and BS21(R). The trend for BS22(R) was 
quadratic with a significant increase in Cl followed by a significant 
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decrease in the third cycle. The only significant trend in the crosses, 
however, was a linear decrease in BS21(A632HI) x BS21C0 
The means for ear length in the single-cross hybrid checks were: 
18.8 cm for À632 x H99, 18.4 cm for A239 x Â632, 18.5 cm for Â239 x H99, 
and 21.0 cm for B87 x H99. The hybrid checks tended to have 
considerably longer ears than any BS21 or BS22 populations per se or 
cross in this experiment. Only the initial cycles of H99 testcrosses 
[BS22(H99H1) x H99 and BS22(R) x H99] had ears as long as the checks, 
A239 X A632 and A239 x H99. 
A significant increase for ear diameter (Table 26) in CI of 
BS22(H99H1) and a large decrease in C3 resulted in a significant 
quadratic trend. Linear coefficients for reduced ear diameter were 
highly significant in BS21(R) and significant in BS22(R). However, 
BS21(A632HI) had no significant trend associated with ear diameter. 
Among the testcross groups, ear diameter increased significantly in 
BS21(A632H1) x BS22C0 (p < 0.01), BS22(H99Hl) x H99, and BS22(R) x 
BS22C0. The testcrosses of BS21(R) x A239 and BS22(R) x A239, however, 
had significant negative changes for ear diameter. Significant 
quadratic trends were observed in BS21(R) x BS21C0, BS22(R) x H99, and 
in the interpopulation crosses of BS21(R) x BS22(R). These quadratic 
trends resulted from considerable reductions in CI and increases for ear 
diameter by the C3. A similar quadratic trend was significant in the 
average over testers of the BS22(R) testcrosses. The BS21(A632HI) 
testcrosses averaged over testers had a significant linear increase for 
ear diameter. No other testcross group changed significantly for ear 
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diameter when averaged over testers. 
The means for ear diameter in the single-cross hybrid checks 
were: 4.37 cm for A632 x H99, 4.31 cm for A239 x A632, 4.17 cm for Â239 
X H99, and 4.16 cm for B87 x H99. No consistent differences could be 
detected between the diameter of ears in the check hybrids and those in 
the populations per se and crosses. 
The only significant trend detected in the populations per se for 
kernel depth (Table 27) was a linear decrease in BS21(R). Despite the 
lack of change in BS21(A632HI), however, kernel depth increased 
significantly in BS21(A632HI) testcrosses to A632 and BS22C0. 
Furthermore, the average response over testers was significant and 
positive in the •BS21(A632HI) testcrosses. Negative linear decreases 
were detected for depth of kernels in BS22(R) x A239 and in the average 
over testers for the BS22(R) testcrosses. No significant trends were 
observed for kernel depth in the interpopulation crosses or in the 
testcrosses of BS22(H99H1) and BS21(R). 
The mean kernel depths of the hybrid checks were: 8.61 mm for A632 
X H99, 8.38 mm for A239 x A632, 8.22 mm for A239 x H99, and 7.31 mm for 
B87 X H99. All populations per se and crosses were similar to, or 
greater than, the check, B87 x H99, for kernel depth. The initial cycle 
populations and several testcrosses, especially those involving inbred 
testers, tended to have kernel depths that were not different from A239 
X A632 or A239 x H99. However, A632 x H99 had considerably deeper 
kernels than all populations per se and most crosses. 
More significant trends were detected for number of kernel rows 
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(Table 28) than for any other ear trait. In BS21(A632H1) and BS21(R), 
the number of kernel rows decreased significantly from CO to C2 but 
increased considerably in the third cycle, resulting in significant 
quadratic trends. BS22(H99HI) had a significant quadratic response, 
also, but the number of kernel rows increased considerably in the CI 
followed by no significant changes from C2 to C3. A highly significant 
linear decrease was observed for number of kernel rows in BS22(R). 
BS21(A632H1) x À632 had a significant quadratic trend that was similar 
to the response for number of kernel rows in the BS21(A632HI) 
populations per se. However, significant linear increases were observed 
in the BS21(A632H1) x BS22C0 and BS21(A632H1) x BS21C0 testcross 
groups. A significant linear increase was detected in BS22(H99H1) x 
BS21C0, while the trend for number of kernel rows was a significant and 
quadratic increase in BS22(U99HI) x BS22C0. The only significant change 
in the BS21(R) testcrosses was a quadratic trend in BS21(R) x BS21C0 
resulting from a significant decrease in Cl with an increase in the 
number of kernel rows in C3. All BS22(R) testcrosses had significant 
linear decreases for number of kernel rows, except BS22(R) x A239 which 
increased in C3 resulting in a significant quadratic response. The 
trends for average over testers were significant in all testcross 
groups, except the BS21(R) testcrosses. A linear increase for number of 
kernel rows was detected in BS21(A632HI) average testcrosses, while the 
BS22(R) average testcrosses had a significant linear decrease. A 
quadratic trend was observed in the average over testers of BS22(H99HI) 
testcrosses due to a significant increase in Cl followed by no changes 
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thereafter. The interpopulation crosses of BS21(R) x BS22(R) had a 
significant linear decrease for number of kernel rows, while significant 
linear increases were detected in BS21(R) x BS22(H99H1) and BS21(R) x 
BS21(A632HI). In BS21(A632H1) x BS22(R), the number of kernel rows 
increased slightly in CI and decreased significantly from C2 to C3, 
while BS22(R) x BS22(H99HI) had a quadratic trend, also, resulting from 
a significant increase in CI followed by a gradual decrease from C2 to 
C3. 
The means for number of kernel rows in the hybrid checks were: 
14.1 kernel rows for A632 x H99, 14.6 rows for A239 x A632, 13.3 rows 
for A239 x H99, and 12.9 rows for B87 x H99. All populations per se, 
testcrosses, and interpopulation crosses had significantly more kernel 
rows than did A239 x H99 and B87 x H99, while only the CI to C3 inbred 
testcrosses of BS22(R) x H99 had number of kernel rows as low as A632 x 
H99 and A239 x A632. 
Highly significant linear decreases for 300-kernel weight (Table 
29) were detected in both populations improved by using RRSI, 
BS21(A632H1) and BS22(H99HI). After RRS, BS21(R) had a significant 
linear reduction for 300-kernel weight, while a significant linear 
increase was observed in BS22(R). Among the testcross groups, 300-
kernel weight decreased significantly in BS22(H99HI) x BS21C0 and in the 
average over testers of BS22(H99HI) testcrosses, but no significant 
trends were detected in any other testcross. Similar significant 
quadratic trends were observed in BS21(R) x BS22(R) and BS21(A632HI) x 
BS22(R) due to significant decreases for 300-kernel weight in CI 
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followed by increases in later cycles. Of the related interpopulation 
crosses, BS21(R) x BS21(A632H1) had a significant linear decrease for 
300-kernel weight, but the response in BS22(R) x BS22(H99H1) was 
nonsignificant. 
The means for 300-kernel weight in the hybrid checks were: 84.6 g 
for A632 x H99, 78.1 g for A239 x A632, 78.1 g for A239 x H99, and 80.3 
for B87 X H99. The CI and 03 testcrosses of BS21(A632H1) x A632 had 
300-kernel weights similar to those of A239 x A632 and A239 x H99. 
However, no population per se or cross had kernels that weighed as much 
as A632 x H99 or B87 x H99. 
Highly significant linear decreases for hand-harvested grain yield 
(Table 30) were observed in the BS21(A632Hl) an($ BS21(R) populations per 
se. However, grain yield did not change significantly in the BS22 
populations [BS22(H99HI) and BS22(R)] or in any group of testcrosses to 
constant testers. The only significant regression coefficient for yield 
among the interpopulation crosses was a negative linear response in the 
cross between cycles of related BS21 populations [BS21(R) x 
BS21(A632H1)]. 
The average hand-harvested yields in the hybrid checks were: 8.18 
Mg ha"l for A632 x H99, 7.93 Mg ha"^  for A239 x A632, 7.47 Mg ha~^  for 
A239 X H99, and 7.59 Mg ha"^  for B87 x H99. The CO and C2 testcrosses 
of BS22(H99Hl) x A239 and the CO to Cl testcrosses of BS22(R) x A239 
were the only entries with yields as large as the lower yielding check 
hybrids, A239 x H99 and B87 x H99. However, A632 x H99 and A239 x A632 
had significantly higher yields than all populations per se. 
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testcrosses, and interpopulation crosses evaluated in this study. 
The yield trends observed in the populations per se and crosses of 
this experiment (Experiment 15, Table 30) were considerably different 
from the observed yield trends of the same groups in Experiment 14 
(Table 15). Furthermore, the groups with the largest regression 
coefficients in Experiment 14 tended to have the smallest coefficients 
in this experiment, while the groups with the largest coefficients in 
Experiment 15 had the smallest trends in Experiment 14. For example, 
the BS21 populations per se [BS21(Â632H1) and BS21(R)] had significant 
decreases for grain yield (-0.33 Mg ha~^  cycle"^  and -0.29 Mg ha"^  
cycle~^ , respectively) in this experiment, but the same groups had 
nonsignificant trends in Experiment 14. BS22(H99HI) x H99 had one of 
the lowest regression coefficients for grain yield (0.05 Mg ha~^  
cycle~^ ) in Experiment 14; however, the same group had a linear 
coefficient in Experiment 15 that was almost significant at a rate of 
0.15 Mg ha~^  cycle~^ . In Experiment 14, BS21(R) x BS22(R) had the 
largest rate of improvement (0.31 Mg ha"^  cycle'^ ) among all groups, but 
a nonsignificant negative linear trend (-0.08 Mg ha"^  cycle"^ ) was 
observed for this same group in Experiment 15. Comparisons between 
yield trends of Experiment 14 and those of Experiment 15 may be 
confounded, however, by harvesting methods because Experiment 15 was 
harvested by hand rather than by machine as in Experiment 14. With 
machine-harvesting, yields can be expected to be lower than the hand-
harvested yields of the same plots if factors, such as excessive lodging 
or dropped ears, are present to prevent complete mechanical 
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harvesting. However, the magnitudes of root lodging (Table 17), stalk 
lodging (Table 18) and dropped ears (data not shown) were not great 
enough to have much influence on mechanical harvesting. 
The reductions that occurred for ear length, kernel depth, number 
of kernel rows, 300-kernel weight, and hand-harvested grain yield are 
further evidence of inbreeding depression in the populations resulting 
from the accumulation of fixed deleterious alleles. However, the 
changes in most ear traits were of a magnitude of no practical 
significance. 
For the same reasons discussed in Experiment 14, the means over 
1988 environments of a limited number of crosses and their regression 
coefficients are shown in Table 31 to provide the proper comparisons 
with the interpopulation crosses of BS21(A632HI) x BS22(H99H1). In 
general, the crosses that were included in the analyses over 1987 and 
1988 environments had trends associated with changes for plant and ear 
traits in the analyses over 1988 environments that were similar to those 
shown in Tables 20 to 30. Differences between the two analyses were 
usually associated with the significance of trends rather than 
differences in direction of change. 
Highly significant reductions for days to anthesis and days to silk 
were detected in all groups of population crosses, except BS22(H99H1) x 
H99 which was nonsignificant. Quadratic trends were observed for both 
days to anthesis and days to silk in BS21(A632H1) x A632 due to 
decreases in CI and slight increases for both traits in the third 
cycle. An increase for days to silk in C2 of BS21(A632H1) x BS22(R) 
Table 31. Means over two environments in 1988 (Experiments 80515 and 
81215) and regression coefficients for eleven traits of 
BS21 and BS22 population crosses 
Mean of Cycles of selection 
Entry Trait check CO Cl C2 C3 
Crosses 
BS21(A632HI) x A632 Days to 35. 2 33. 0 33. 3 34. 0 
BS22(H99HI) x H99 anthesis^  34. 3 35. 0 34. 7 34. 3 
8S21(A632HI) x BS22(H99HI) (after 32. 8 32. 7 30. 7 31. 0 
BS21(R) X BS22(R) June 1) 32. 8 33. 7 29. 7 29. 3 
BS21(R) X BS22(a99Hl) 32. 8 33. 0 31. 3 31. 0 
BS21(A632HI) x BS22(R) 32. 8 31. 0 30. 0 29. 3 
Check 
A632 X H99 36.0 
Crosses 
BS21(A632HI) x A632 Days to 38. 0 35.0 35. 4 36.0 
BS22(H99HI) x U99 silk® 38. 2 38.3 38. 0 37.0 
BS21(A632UI) x BS22(a99HI) (after 37. 7 36.7 35. 0 34.3 
BS21(R) X BS22(R) June 1) 37. 7 37.6 35. 0 34.6 
BS21(R) X BS22(H99HI) 37. 7 37.4 35. 0 34.4 
BS21(A632HI) x BS22(R) 37. 7 33.4 35. 0 34.4 
Check 
A632 X H99 37.4 
Crosses 
BS21(A632HI) x A632 Pollen- 2.8 1.9 2.1 1.9 
BS22(tt99HI) X H99 silk 3.9 3.3 3.4 2.6 
BS21(A632HI) x BS22(H99HI) interval® 4.8 4.0 4.4 3.4 
BS21(R) X BS22(R) (days) 4.8 3.9 5.4 5.3 
BS21(R) X BS22(H99HI) 4.8 4.4 3.6 3.4 
BS21(A632HI) x BS22(R) 4.8 2.3 5.1 5.0 
Check 
A632 X H99 1.5 
L^inear regression model is shown unless the quadratic model is 
significant. 
L^SD (0.05) value applies to pair-wise comparisons between and 
within entries. 
M^eans over one environment in 1988 (Experiment 80515). 
*,**Significant at the 0.05 and 0.01 probability levels, 
respectively. 
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LSD Regression coefficients^  
(0.05)b bo ba bq 
1.9 
2 . 1  
35.1 -2.53 ± 0.91** 0.73 ± 0.31* 
34.7 -0.08 0.25 
32.9 -0.74 ± 0.21** 
32.9 -1.16 ± 0.21** 
32.9 -0.62 ± 0.21** 
32.9 -1.31 ± 0.21** 
2.3 37.9 -3.36 ± 1.12** 0.93 ± 0.38* .
38.3 -0.34 ± 0.30 
37.2 -0.98 ± 0.25** 
37.2 -0.85 ± 0.25** 
37.2 -0.93 ± 0.25** 
37.2 -4.01 ± 1.02** 1.02 ± 0.37** 
3.0 -0.43 ± 0.27 
3.6 -0.26 ± 0.27 
4.3 -0.24 i 0.23 
4.3 0.33 ± 0.23 
4.3 -0.31 ± 0.23 
4.6 -1.76 ± 0.93 0.68 t 0.33* 
Table 31. (Continued) 
Mean 
of Cycle of selection 
Entry Trait check CO Cl C2 C3 
Crosses 
BS21(A632HI) x A632 Plant 185.4 176.9 179.9 179.1 
BS22(H99HI) x H99 height 158.1 165.5 167.2 168.8 
BS21(A632H1} x BS22(H99HI) (cm) 181.4 174.2 178.0 171.8 
BS21(R) X BS22(R) 181.4 181.6 173.0 175.9 
BS21(R) X BS22(H99HI) 181.4 174.7 176.9 176.4 
BS21(A632H1) x BS22(R) 181.4 177.6 173.7 175.7 
Check 
A632 X H99 183.2 
Crosses 
BS21(A632H1} x A632 Ear 87.8 82.2 82.2 78.9 
BS22(H99HI) x H99 height 66.9 64.8 69.6 66.5 
BS21(A632HI) x BS22(H99HI) (cm) 85.0 79.5 77.7 75.7 
BS21(R) X BS22(R) 85.0 81.9 76.0 76.9 
BS21(R) X BS22(H99H1) 85.0 82.3 76.0 75.5 
BS21(A632HI) x BS22(R) 85.0 81.9 77.5 76.7 
Check 
A632 X H99 80.0 
Crosses 
BS21(A632HI) x A632 Ear 15.5 15.3 15.4 15.9 
BS22(H99HI) x H99 length 15.3 15.6 15.5 16.1 
BS21(A632HI) x BS22(H99H1) (cm) 15.1 15.9 14.6 14.9 
BS21(R) X BS22(R) 15.1 15.2 15.6 14.7 
BS21(R) X BS22(H99HI) 15.1 15.3 15.2 15.1 
BS21(A632H1) x BS22(R) 15.1 16.0 14.1 15.5 
Check 
A632 X H99 17.3 
Crosses 
BS21(A632HI) x A632 Ear 3.93 4.02 4.05 4.06 
8S22(H99HI) x H99 diameter 3.96 3.98 4.07 4.09 
BS21(A632H1) x BS22(H99H1) (cm) 4.10 4.13 4.44 4.21 
BS21(R) X BS22(R) 4.10 3.94 3.98 4.12 
BS21(R) X BS22(H99HI) 4.10 4.06 4.09 4.12 
BS21(A632H1) x BS22(R) 4.10 4.11 4.05 4.20 
Check 
A632 X H99 3.97 
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LSD Regression coefficients^  
(0.05)' BO BJ B. 
185.6 -2.84 ± 1.50 
162.1 2.40 ± 1.50 
179.6 -2.35 1.26 
179.6 -1.66 1.26 
179.6 -1.48 ± 1.26 
179.6 -1.89 1.26 
87.3 -2.91 ± 0.95** 
67.8 -0.23 ± 0.95 
83.9 -2.95 ± 0.80** 
83.9 -2.76 ± 0.80** 
83.9 -3.01 0.80** 
83.9 -2.58 ± 0.80** 
15.3 0.14 ± 0.30 
15.5 0.11 ± 0.30 
15.1 -0.05 ± 0.26 
15.1 -0.02 ± 0.26 
15.1 0.03 ± 0.26 
15.1 0.00 ± 0.26 
3.94 0.05 0.03 
3.93 0.06 ± 0.03* 
4.07 0.04 0.02** 
4.09 -0.21 ± 0.09* 0.07 ± 0.03* 
4.07 0.01 ± 0.02 
4.07 0.03 ± 0.02 
Table 31. (Continued) 
Mean of 
Entry Trait check CO CI C2 C3 
Crosses 
BS21(A632HI) x Â632 Kernel 6.22 6.80 6.83 7.28 
BS22(H99HI) x H99 depth 6.48 6.33 7.08 6.57 
BS21(A632HI) x BS22(H99HI) (mm) 6.93 6.82 8.69 6.88 
BS21(R) X BS22(R) 6.93 6.19 6.51 6.63 
BS21(R) X BS22(H99H1) 6.93 6.74 6.96 6.79 
BS21(A632HI) x BS22(R) 6.93 6.55 6.42 7.19 
Check 
A632 X H99 6.67 
Crosses 
BS21(A632H1) x A632 Number 15.5 14.7 15.2 15.4 
BS22(H99H1) x H99 of 14.5 15.0 14.7 14.8 
BS21(A632HI) x BS22(H99HI) kernel 15.7 16.4 16.8 17.0 
BS21(R) X BS22(R) rows 15.7 15.9 14.9 15.6 
BS21(R) X BS22(H99HI) 15.7 16.5 16.1 17.1 
BS21(A632HI) x BS22(R) 15.7 16.1 15.8 15.8 
Check 
A632 X H99 13.9 
Crosses 
BS21(A632H1) x A632 300- 64.4 65.0 60.7 64.2 
BS22(H99HI) x H99 kernel 64.4 64.1 62.9 63.9 
BS21(A632H1) x BS22(H99Hl) weight 67.1 62.1 62.5 61.2 
BS21(R) X BS22(R) (g) 67.1 61.7 62.6 67.5 
BS21(R) X BS22(H99HI) 67.1 58.8 60.9 57.2 
BS21(A632HI) x BS22(R) 67.1 63.4 60.9 66.7 
Check 
A632 X H99 71.2 
Crosses 
BS21(A632HI) x A632 Grain 4.50 4.77 4.68 5.04 
BS22(H99HI) x H99 yield 4.44 4.78 4.52 5.10 
BS21(A632HI) x BS22(H99HI) (Mg ha" ) 4.63 4.69 4.48 5.08 
BS21(R) X BS22(R) 4.63 4.61 4.61 4.80 
BS21(R) X BS22(H99H1) 4.63 4.30 4.80 4.74 
BS21(A632H1) x BS22(R) 4.63 4.88 4.18 5.43 
Check 
Â632 X H99 5.68 
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LSD . Regression coefficients* 
(0.05)» —Q 
6.23 0.35 ± 0.13** — 
6.38 0.14 ± 0.13 
6.82 1.26 ± 0.44** -0.38 ± 0.16* 
6.73 -0.09 0.11 
6.73 0.05 à 0.11 
6.73 0.04 ± 0.11 
15.3 -0.02 ± 0.13 
14.6 0.11 ± 0.13 
15.9 0.42 ± 0.11** 
15.9 -0.19 ± 0.11 
15.9 0.35 ± 0.11** 
15.9 -0.01 ± 0.11 
7.0 64.4 -0.56 ± 0.77 
63.9 -0.14 ± 0.77 
64.3 -1.09 ± 0.64 
66.6 -7.01 ± 2.60** 
64.3 -2.41 ± 0.64** 
66.6 -6.52 ± 2.60* 
2.54 ± 0.93** 
2.14 ± 0.93* 
4.47 0.17 ± 0.11 
4.46 0.17 ± 0.11 
4.48 0.14 ± 0.09 
4.48 0.09 ± 0.09 
4.48 0.09 ± 0.09 
4.48 0.19 ± 0.09* 
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after a decrease in Cl resulted in a significant quadratic trend. The 
only significant trend associated with changes for pollen-silk interval 
was a quadratic response in BS21(A632HI) x BS22(R), which was similar to 
the trend for days to silk in the same cycle crosses. None of the 
population crosses had significant regression coefficients for plant 
height; however, the direction of change in the groups was similar to 
that of plant height of the same cycle groups in the analyses over 1987 
and 1988 data (Table 23). Changes for ear height were highly 
significant, negative, and linear in all population crosses, except in 
the crosses of BS22(H99HI) x H99. Treads for ear length were 
nonsignificant in all population crosses. Ear diameter increased 
significantly in BS22(U99Hl) x H99 and BS21(A632HI) x BS22(H99H1) with 
linear trends, while a quadratic response was detected in BS21(R) x 
BS22(R) due to a significant decrease in Cl followed by an increase from 
C2 to C3. Trends for ear diameter in BS21(A632HI) x A632, BS21(R) x 
BS22(H99HI), and BS21(A632HI) x BS22(R) were nonsignificant. 
BS21(A632HI) x A632 had a highly significant linear increase for kernel 
depth, while the depth of kernels in BS21(A632H1) x BS22(H99H1) became 
significantly larger from CO to C2 but decreased considerably in C3. No 
other group of cycle crosses had significant trends for kernel depth. 
The highly significant negative linear regression coefficients in 
BS21(A632HI) x BS22(H99H1) and BS21(R) x BS22(H99HI) were the only 
significant trends observed for number of kernel rows. Quadratic 
responses were detected for 300-kernel weight in BS21(R) x BS22(R) and 
BS21(A632H1) x BS22(R) cycle crosses; both trends resulted from 
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significant linear decreases in Cl and increases by the third cycle. 
All other population crosses were nonsignificant for changes in 300-
kernel weight, except BS21(R) x BS22(H99HI) which was highly significant 
for a linear decrease. The increasing means for hand-harvested grain 
yield in all population crosses were encouraging; however, only the 
linear trend in BS21(A632HI) x BS22(R) was significant. 
The trends for plant traits in the cycle crosses between the 
populations improved by RRSI [BS21(A632HI) x BS22(H99HI)] were similar 
to those in BS21(R) x BS22(R), the crosses between the two populations 
improved by RRS. For ear traits, BS21(A632HI) x BS22(H99HI) was similar 
to BS21(R) X BS22(R) for nonsignificant changes in ear length and grain 
yield; however, different trends were detected between the two groups 
for changes in ear diameter, kernel depth, number of kernel rows, and 
300-kernel weight. In general, all population crosses became earlier 
for days to flowering and shorter for plant height [except BS22(H99H1) x 
H99] and ear height. The ears of BS21(A632HI) x BS22(H99HI) became 
wider in diameter due to deeper kernels and more kernel rows, while 
those of BS21(R) X BS22(R) become narrower in diameter with no 
significant changes in kernel depth or number of kernel rows. 
The check hybrid, A632 x H99, tended to be later for days to 
anthesis than all population crosses, except BS22(H99HI) x H99 and 
BS21C0 X A632. For days to silk, only the C2 and C3 interpopulation 
crosses were significantly earlier than A632 x H99. The inbred 
testcrosses had similar pollen-silk intervals as A632 x H99; however, 
the interpopulation crosses generally had longer intervals. The cycle 
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testcrosses of BS22(H99HI) x H99 were the only crosses that had 
significantly shorter plant and ear heights than the hybrid check. 
Differences between the population crosses and Â632 x H99 were not 
consistent for ear length, ear diameter, kernel depth, or 300-kernel 
weight. However, the population crosses tended to have more kernel rows 
than did the hybrid check. All CO crosses had significantly lower 
yields than the single-cross hybrid check. By C3, however, all groups 
of population crosses had grain yields that were not significantly 
different than the yield of A632 x H99, except BS21(R) x BS22(R) and 
BS21(R) X BS22(H99HI) which had lower yields. 
Although mostly nonsignificant, the rates of gain for several 
population crosses in the analysis of 1988 means for hand-harvested 
grain yield (Table 31) were noticeably more similar to those of the same 
crosses in the analysis of machine-harvested grain yield in Experiment 
14 (Table 15) than to the regression coefficients observed in the 
analysis of hand-harvested yield over 1987 means (data not shown) or in 
the analysis over 1987 and 1988 data (Table 30). For example, 
BS21(A632HI) x A632 had a regression coefficient of 0.17 Mg ha~^  cycle'^  
for hand-harvested grain yield in the 1988 analysis (Table 31), similar 
to that for machine-harvested grain yield (0.18 Mg ha~^  cycle~^ ) in the ' 
same testcross group (Table 15). However, the same group had regression 
coefficients for hand-harvested grain yield of -0.15 Mg ha~^  cycle"^  and 
0.01 Mg ha"^  cycle"^  in the analyses of 1987 means (data not shown) and 
combined 1987 and 1988 means (Table 30), respectively. The coefficients 
for yield in BS21(R) x BS22(R) and BS21(R) x BS22(H99HI) were positive 
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in the analysis of 1988 means (Table 31) and in Experiment 14 (Table 
15), but they were negative in the analysis of 1987 means (data not 
shown) and in the combined analysis of 1987 and 1988 means (Table 30). 
These observations may be due to chance variation associated with the 
sampling of different plants from the same seed source; however, the 
differences in environments used in Experiments 14 and 15 may have 
contributed to these results also. All environments of Experiment 14 
were located in northern Iowa, but the environments of Experiment 15 
were located in central Iowa, except Experiment 81215 grown in northern 
Iowa during 1988. The average plant height for the experiment grown 
during 1988 in northern Iowa (81215) was 189.8 cm with a range of 165.3 
to 212.1 cm (data not shown). However, the range of plant heights was 
only 140.5 to 177.5 cm in the experiment grown in central Iowa during 
1988 (80515) and the mean was 161.7 cm, even though this experiment was 
planted before 81215. Yields of the later cycle populations and crosses 
of BS21 and BS22 may have become more sensitive to the warmer 
temperatures of central Iowa environments especially in those 
populations that have become earlier in maturity. Shaw (1988) 
summarized several studies that showed optimum growth curves for maize 
with changes in air and soil temperatures. When temperatures exceed the 
optimum level for the genotype, the rate of stem elongation, dry matter 
production, and grain yield will decrease, especially when soil moisture 
is inadequate. However, a carefully planned experiment would be 
necessary to substantiate the effects of environmental temperature 
differences on yield responses of BS21 and BS22 populations. The hand-
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harvested yield trend of BS22(H99H1) x H99 (0.17 Mg ha~^  cycle~^ ) in the 
1988 analysis (Table 31) was not much different from that of the same 
group (0.15 Mg ha"l cycle'^ ) in the analysis of 1987 and 1988 data 
(Table 30) or in the 1987 analysis (0.13 Mg ha~^  cycle"!, ggt 
shown); however, changes in flowering dates did not occur in BS22(H99H1) 
to the extent of changes in the other populations. BS21(A632HI) x 
BS22(H99H1) had a larger positive regression coefficient for hand-
harvested grain yield (0.14 Mg ha"! cycle"!) in Experiment 15 (Table 31) 
than for machine-harvested grain yield (0.05 Mg ha"! cycle"!) 
Experiment 14 (Table 19). This difference may be attributed, however, 
to mechanical harvest losses associated with the significant increase in 
stalk lodging susceptibility over cycles of selection (Table 19). 
Experiment 25 
All environments used in this experiment were affected by drought 
conditions during the 1988 growing season. The average yields were 
lowest at the Atomic Energy Farm (Experiment 81225) at 2.38 Mg ha"! gQp 
noninbred materials (SQ generation) and 1.48 Mg ha"! for inbred 
materials (Sj^  generation), while the highest yield averages for this 
experiment were at the Agronomy and Agricultural Engineering Research 
Center (80525) at 4.62 Mg ha"! noninbred materials and 2.84 Mg ha"! 
for inbred materials (data not shown). The remaining two locations, 
Kanawha (80225) and Nashua (81025), had noninbred yield averages of 3.91 
Mg ha"! 4.49 Mg ha"!, respectively. The inbred genotypes had 
average yields of 2.28 Mg ha"! in Experiment 80225 and 2.58 Mg ha"! in 
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Experiment 81025. 
Two combined analyses of variance were computed for this experiment 
because the inbred genotypes were separated from the noninbred genotypes 
at all locations. In the Appendix, Table A12 shows the combined 
analysis of variance over all environments for the noninbred genotypes, 
while the combined analyses for inbred genotypes are presented in Table 
A13. The entries' mean squares of noninbred materials (Table A12) were 
highly significant for all traits, except pollen-silk interval 
(significant) and ears per plant (nonsignificant). The interactions of 
entries x locations were significant only for plant height and ears per 
plant. The entries' mean square for pollen-silk interval was slightly 
smaller than that of the entries x locations; however, the significant 
interaction for plant height was nearly one-eighth the magnitude of the 
main effect of entries. Highly significant entries' mean squares were 
detected in the analyses of inbred materials (Table A13) for plant 
height, ear height, ear diameter, number of kernel rows, and 300-kernel 
weight. The entries' mean square was significant for ears per plant, 
but the remaining six traits (days to anthesis, days to silk, pollen-
silk interval, ear length, kernel depth, and yield) had nonsignificant 
mean squares for entries. The entries x locations mean squares of the 
analyses of inbred genotypes were: highly significant for days to 
anthesis, plant height, and ear length; significant for days to silk, 
ear height, and yield; and nonsignificant for pollen-silk interval, ear 
diameter, kernel depth, number of kernel rows, ears per plant, and 300-
kernel weight. The magnitude of the entries x locations mean squares. 
171 
however, was smaller than the mean squares of the main effects of 
entries for all traits, except pollen-silk interval where both sources 
of variation were similar and nonsignificant. Plot-to-plot variability 
(pooled error) tended to be slightly higher in the analyses of inbred 
genotypes than that of noninbred materials for all traits, except 
pollen-silk interval and grain yield. The most noticeable differences 
among the pooled errors were observed for days to anthesis, kernel 
depth, and ears per plant. The experiment means (Tables Â12 and Â13) 
were typical of what would be expected in an experiment involving 
related noninbred and inbred progenies. Inbreeding depression tended to 
delay flowering dates, limit plant growth, and reduce several grain 
traits including yield. 
The means over all environments for most traits are shown in Table 
32. Pollen-silk interval and ears per plant were relatively 
unimportant; consequently, they are not presented in Table 32. Included 
in this table are the estimates of inbreeding depression, genetic 
parameters, and predicted values for all population groups. The least 
squares regression model described by Smith (1979a, 1979b, 1983) was 
used to generate the estimates of genetic parameters. In this model, AO 
represents the mean of a set of random inbred lines derived from the CO 
population and DO represents one-half of the effects of heterozygosity 
and dominance on the mean of the CO population. Therefore, the CO 
population mean is estimated by AO + 200. ÂL and DL represents one-half 
of the homozygous and heterozygous effects on the change in the 
population mean after one cycle of selection. The AL term describes 
Table 32. Means over four locations in 1988 (Experiments 80223, 80525, 
81025, and 81225), inbreeding depression and least square 
estimates of genetic parameters for 10 traits of BS21 and 
BS22 populations per se (SQ generation), populations per se 
selfed (S^ generationTT and crosses after RRS and RRSI 
Days to anthesis (after June 1)^  
Population group 
BS21(A632H1) BS21(R) BS22(H99HI) BS22(R) 
Entry means 
CO 32.0 32.0 31.8 31.8 
CI 29.6 31.4 32.5 31.0 
C2 27.5 30.1 31.7 29.9 
C3 27.4 28.7 30.7 27.4 
CO X C3 29.0 29.4 30.6 29.1 
CO - selfed 35.5 35.5 34.8 34.8 
C3 - selfed 32.0 34.4 33.5 31.9 
LSDg (0.05) 1.0 
LSDq (0.05) 
*1 
3.8 
Inbreeding depression 
CO 3.5** 3.5** 3.0* 3.0* 
(10.9%) (10.9%) (9.4%) (9.4%) 
C3 4.6** 5.7** 2.8* 4.5** 
(16.8%) (19.9%) (9.1%) (16.4%) 
Parameter estimates 
AO 38.99** 38.99** 37.49** 37.49** 
DO -3.49** -3.49** -2.64** -2.64** 
AL -0.34 0.14 -0.25 -0.25 
DL -0.82 -0.85 -0.09 -0.61 
DQ 0.11** 0.07 0.05 0.04 
Predicted values 
2Apo -2.32** -1.42** -0.68** -1.72** 
6Apa -6.96** -4.26** -2.04** -5.16** 
18 DQ 1.99** 1.21 0.82 0.73 
*Trait was evaluated in only two environments. 
*,**Significant at the 0.05 and 0.01 probability levels, 
respectively. 
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Paya to silk (after June D* 
Population group 
BS21(A632HI) BS21(R) BS22(H99HI) BS22(R} 
37.4 
33.3 
32.2 
31.6 
33.8 
39.8 
36.8 
1 . 6  
3.2 
37.4 
36.7 
34.7 
32.8 
34.7 
39.8 
38.1 
2.4* 
(6.4%) 
5.2** 
(16.5%) 
2.4* 
(6.4%) 
5.3** 
(16.2%) 
37.2 
39.6 
37.6 
35.8 
36.0 
39.6 
38.0 
37.2 
36.6 
35.1 
32.7 
34.2 
39.6 
36.7 
2.4* 
(6.5%) 
2 . 2  
(6.1%) 
2.4* 
(6.5%) 
4.0** 
(12.2%) 
42.48** 
-2.63** 
-0.02 
-1.40** 
0.14 
42.48** 
-2.63** 
0.12 
-0.80 
-0.01 
-2.84** 
-8.52** 
2.50 
-1.36** 
-4.08** 
-0.15 
41.26** 
-1.66* 
-0.27 
0.04 
-0.01 
41.26** 
-1.66* 
-0.16 
-0.89 
0.08 
-0.46 
-1.36 
-0.23 
-2.14** 
-6.30** 
1.45 
Table 32. (Continued) 
BS21(A632HI) 
Plant height (cm) 
Population group 
BS21(R) BS22(H99HI) BS22(R) 
Entry means 
CO 
Cl 
C2 
C3 
CO } 
CO -
C3 -
LSDe 
C3 
selfed 
selfed 
(0.05) 
LSDQ (0.05) 
182.5 
167.8 
155.2 
160.3 
166.5 
168.9 
142.7 
6.6 
9.9 
182.5 
177.6 
169.9 
170.8 
171.6 
168.9 
152.6 
171.8 
173.0 
170.8 
169.5 
172.1 
163.8 
154.5 
171.8 
168.0 
165.9 
160.8 
170.7 
163.8 
151.7 
Inbreeding depression 
CO -13.6** 
(-7.5%) 
C3 -17.6** 
( - 1 1 . 1  
-13.6** 
(-7.5%) 
-18.2** 
(-10.7%) 
-8.0* 
(-4.7%) 
-15.0** 
( - 8 . 1  
-8.0* 
(-4.7%) 
-9.1* 
(-5.7%) 
Parameter estimates 
AO 
DO 
ÂL 
DL 
DQ 
Predicted values 
2Apa 
6Apa 
18 DQ 
156.05** 
12.87** 
-4.61** 
-1.89 
0.78* 
-13.00** 
-39.00** 
14.13* 
156.05** 
12.87** 
-3.49* 
0.03 
0.50 
-6.92** 
-20.76** 
8.98 
155.88** 
7.92** 
-2.75 
3.01 
-0.21 
0.51 
1.56 
-3.70 
155.88** 
7.92** 
-2.17* 
1.58 
-0.42 
-1.18 
-3.54 
-7.61 
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Ear height (cm) 
Population group 
BS21(A632HI) BS21(R) BS22(H99HI) BS22(R) 
84.7 
74.9 
67.4 
67.4 
73.1 
77.3 
59.0 
4.4 
7.0 
84.7 
76.2 
70.0 
72.5 
76.1 
77.3 
64.5 
-7.4* 
(-8.7%) 
-8.4** 
(-12.5%) 
-7.4* 
(-8.7%) 
-8.0** 
(-11.0%) 
70.81** 
6.46** 
-3.11** 
-1.07 
0.41* 
70.81** 
6.46** 
-2.09* 
1.22 
0.38 
-8.36** 
-25.08** 
7.35* 
-6.62** 
-19.86** 
6.80 
74.7 
71.8 
71.2 
65.9 
71.3 
71.6 
60.4 
74.7 
70.3 
64.8 
64.9 
70.6 
71.6 
60.1 
-3.1 
(-4.1%) 
-5.5 
(-8.3%) 
-3.1 
(-4.1%) 
-4.8 
(-7.4%) 
68.88** 
2.75 
-2.43* 
1.54 
-0.14 
68.88** 
2.75 
-2.06* 
0.33 
-0.02 
-1.78 
-5.34 
-2.54 
-3.46** 
-10.38** 
-0.28 
Table 32. (Continued) 
Ear length (cm) 
Population group 
BS21(A632HI) BS21(R) BS22(H99HI) BS22(R) 
Entry means 
CO 
CI 
C2 
C3 
CO > 
CO -
C3 -
LSDc 
C3 
selfed 
selfed 
(0.05) 
-0 
LSDq (0.05) 
'1 
13.6 
13.1 
12.9 
12.8 
13.1 
8 . 8  
9.6 
1 . 1  
4.6 
Inbreeding depression 
CO -4.8** 
(-35.3%) 
C3 -3.2** 
(-25.0%) 
13.6 
13.2 
12.7 
13.2 
12.8 
8 . 8  
9.1 
-4.8** 
(-35.3%) 
-4.1** 
(-31.1%) 
14.0 
13.0 
13.9 
13.6 
14.1 
10.4 
10.8 
-3.6** 
(-25.7%) 
-2.8** 
(-20.6%) 
14.0 
14.3 
14.6 
13.0 
14.0 
10.4 
10.7 
-3.6** 
(-25.7%) 
-2.3** 
(-17.7%) 
Parameter estimates 
AO 
DO 
AL 
DL 
DQ 
Predicted values 
2Apa 
6Apot 
18 DQ 
4.05** 
4.75** 
0.41 
-0.59 
0.01 
-0.36 
-1.08 
0 .21  
4.05** 
4.75** 
0.18 
-0.45 
0.07 
-0.54 
-1 .62  
1 .18  
6.85** 
3.54** 
0.13 
-0.22 
-0.01 
-0.08 
-0.24 
-0.09 
6.85** 
3.54** 
0.20 
-0.02 
-0.09 
0.36 
1.08 
-1.63 
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Ear diameter (cm) 
Population group 
BS21(A632HI) BS21(R) BS22(H99HI) BS22(R) 
3.98 3.98 4.08 4.08 
3.99 3.85 3.98 3.91 
3.98 3.91 4.03 3.87 
4.00 3.87 4.03 3.87 
4.01 3.97 4.03 4.01 
3.76 3.76 3.78 3.78 
3.76 3.61 3.81 3.67 
0.10 
0.10 
-0.22** -0.22** -0.30** -0.30** 
(-5.5%) (-5.5%) (-7.4%) (-7.4%) 
-0.24** -0.26** -0.22** -0.20** 
(-6.0%) (-6.7%) (-5.5%) (-5.2%) 
3.56** 3.56** 3.51** 3.51** 
0.20** 0.20** 0.27** 0.27** 
-0.01 -0.03 0.01 0.00 
0.02 0.03 -0.03 -0.03 
-0.003 -0.003 0.003 -0.002 
0.03 -0.01 -0.04 -0.06* 
0.09 -0.04 -0.12 -0.19* 
-0.06 -0.05 0.05 -0.03 
Table 32. (Continued) 
BS21(A632H1) 
Kernel depth (mm) 
Population group 
BS21(R) BS22(H99HI) BS22(R) 
Entry means 
CO 
Cl 
C2 
C3 
CO } 
CO -
C3 -
LSDc 
C3 
selfed 
selfed 
(0.05) 
LSDc (0.05) 
6.76 
6.44 
6.74 
6.85 
6.72 
5.80 
5.67 
0.50 
0.63 
6.76 
6.24 
6.03 
5.94 
6.67 
5.80 
5.09 
6.84 
6.24 
6.53 
6.37 
6.32 
5.80 
5.78 
6.84 
6.21 
6.03 
6.07 
6.68 
5.80 
5.36 
Inbreeding depression 
CO -0.96** -0.96** -1.04** -1.04** 
(-14.2%) (-14.2%) (-15.2%) (-15.2%) 
C3 -1.18** -0.85** -0.59* -0.71* 
(-17.2%) (-14.3%) (-9.3%) (-11.7%) 
Parameter estimates 
AO 
DO 
AL 
DL 
DQ 
4.96** 
0.84** 
-0.08 
0.07 
0.01 
4.96** 
0.84** 
-0.10 
0.05 
-0.03 
4.88** 
0.91** 
0.04 
-0.19 
0.03 
4.88** 
0.91** 
-0.02 
-0.07 
-0.01 
Predicted values 
26pa -0.02 
66pa -0.06 
18 DQ 0.23 
-0.10 
-0.30 
-0.48 
-0.30* 
-0.90* 
0.57 
-0.18 
-0.54 
-0.24 
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Number of kernel rows 
Population group 
BS21(A632H1) BS21(R) BS22(U99HI) BS22(R) 
15.0 
15.8 
15.6 
15.8 
15.8 
14.5 
15.2 
0.6 
0.6 
15.0 
15.3 
15.2 
15.8 
15.3 
14.5 
14.4 
16.0 
16.7 
17.2 
16.8 
16.8 
15.3 
15.7 
16.0 
16.1 
15.0 
14.8 
15.4 
15.3 
14.3 
-0.5 
(-3.3%) 
-0.6* 
(-3.8%) 
-0.5 
(-3.3%) 
-1.4** 
(-8.9%) 
-0.7* 
(-4.4%) 
-1.1** 
(-6.5%) 
-0.7* 
(-4.4%) 
-0.5 
(-3.4%) 
13.91** 
0.57** 
0.12 
0.14 
-0.05** 
13.91** 
0.57** 
-0.13 
0.20 
0.01 
0.52** 
1.56** 
-0.87** 
0.14 
0.42 
0.24 
14.40** 
0.88** 
0.02 
0.25* 
-0.05** 
14.40** 
0.88** 
-0.10 
-0.14 
0.005 
0.54** 
1.62** 
-0.86* 
-0.48** 
-1.44** 
0.09 
Table 32. (Continued) 
BS21(A632HI) 
300-k weight (g) 
Population group 
BS21(R) BS22(H99HI) BS22(R) 
Entry means 
CO 
Cl 
C2 
C3 
CO s 
CO -
C3 » 
LSDc 
LSD, 
C3 
selfed 
selfed 
j (0.05) 
g (0.05) 
1^ 
69.3 
62.5 
64.2 
62.0 
66.8 
66.4 
58.0 
3.7 
3.8 
Inbreeding depression 
CO -2.9 
(-4.2%) 
C3 -4.0* 
(-6.5%) 
69.3 
63.0 
64.4 
60.4 
64.4 
66.4 
58.4 
-2.9 
(-4.2%) 
-2.0 
(-3.3%) 
65.5 
62.3 
59.6 
59.1 
61.3 
63.6 
60.5 
-1.9 
(-2.9%) 
1.4 
(2.4%) 
65.5 
63.2 
64.8 
63.6 
66.3 
63.6 
60.2  
-1.9 
(-2.9%) 
-3.4 
(-5.3%) 
Parameter estimates 
AO 64.71** 
DO 1.69 
AL -1.75** 
DL 0.81 
DQ -0.04 
64.71** 
1.69 
1.45* 
0.05 
0.06 
62.19** 
1.43 
0.01 
-1.42 
0.12 
62.19** 
1.43 
-0.87 
1.03 
-0.14 
Predicted values 
2Apo -1.88* 
6Apa -5.64* 
18 DQ -0.74 
-2.80** 
-8.40** 
1.08 
-2.82** 
-8.46** 
2.17 
0.32 
0.96 
-2.51 
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Grain yield (Mg ha~^ ) 
' Population group 
BS21(Â632HI} BS21(R) BS22(H99HI) BS22(R) 
3.88 
3.78 
3.55 
3.72 
3.81 
2.02 
2.31 
0.47 
0.56 
3.88 
3.70 
3.40 
3.67 
3.75 
2.02 
1.99 
4.18 
3.54 
4.06 
3.97 
4.17 
2.42 
2.69 
4.18 
3.97 
4.02 
3.63 
4.14 
2.42 
2.46 
-1.86** 
(-47.9%) 
-1.41** 
(-37.9%) 
-1.86** 
(-47.9%) 
-1.68** 
(-45.8%) 
-1.76** 
(-42.1%) 
-1.28** 
(-32.2%) 
-1.76** 
(-42.1%) 
-1.17** 
(-32.2%) 
0.19 0.19 0.79** 0.79** 
1.83** 1.83** 1.64** 1.64** 
0.13 0.04 0.11 0.08 
-0.17 -0.11 -0.13 -0.05 
0.001 0.008 0.002 -0.03 
-0.08 -0.14 -0.04 0.06 
-0.24 -0.42 0.53 0.18 
0.02 0.14 0.03 -0.56 
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part of the additive effects (Apa) on the changes in the population 
mean, and DL describes dominance effects and a portion of the additive 
effects. DQ estimates the effects of changes in the frequencies of 
heterozygotes on the population mean due to selection and/or drift. DQ 
can also be considered an estimate of heterosis in the CO x CN cross 
because it represents the changes in allelic frequencies squared 
weighted by the dominance effects (Smith, 1983). Of the predicted 
values, 2Apa (2AL + 2DL) represents the total change in the population 
mean after one cycle of selection, 6Apa (6AL + 6ÂL) is the estimate of 
the total change in the population mean after three cycles of selection, 
and 18 OQ estimates the change in the mean due to changes in 
heterozygote frequencies resulting from three cycles of selection and/or 
drift. 
In general, the changes for trait means of the cycle populations 
were similar to those observed for the same traits in Experiment 15. 
The inbred populations (CO-selfed and C3-selfed) tended to show changes 
over cycles in the same direction as in the noninbred populations per 
se. However, the significance of the changes in the inbred population 
means was different than in the noninbred populations for many traits 
due to the higher standard errors associated with the analyses of inbred 
genotypes. In the analyses according to Smith's model, the AO and DO 
parameters were almost always significant, while AL, DL, and DQ were 
significant for traits in some population groups. 
Days to anthesis decreased significantly over cycles of selection 
in all populations per se. regardless of the selection procedure (RRS or 
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RRSI). The reduction in BS21(A632HI) was large in Cl and C2, while days 
to anthesis changed more gradually in the other population groups until 
the third cycle. The CO x C3 crosses for all groups were significantly 
earlier than their respective CO population per se. The C3-selfed 
populations of all groups tended to be earlier for days to anthesis than 
the CO-selfed populations, but the differences were statistically 
nonsignificant. Inbreeding depression was highly significant in BS21C0 
and significant in BS22C0 showing increases for days to anthesis after 
one generation of selfing. The amount of inbreeding depression 
increased after cycles of selection in all population groups, except in 
BS22(H99HI), indicating that the changes for days to anthesis have not 
resulted in significant fixation of alleles affecting this trait. The 
AO and DO terms were highly significant in all groups, but the effects 
of the homozygotes (AO) on the CO mean were greater. The parameters of 
AL and DL, however, were nonsignificant. OQ was highly significant in 
BS21(A632H1) but nonsignificant in all other groups. Although the AL 
and DL terms were nonsignificant, the changes in the mean after one 
cycle of selection (2Apa) and after three cycles of selection (6Apa) 
were highly significant in all population groups. The cumulative change 
in the frequencies of heterozygotes after three cycles (18 DQ) was 
significant only in BS21(A632H1) (P < 0.01). 
The changes for days to silk in BS21(A632H1), BS21(R), and BS22(R) 
were similar to the changes observed for days to anthesis, showing 
significant reductions after cycles of selection. A quadratic trend was 
detected in BS22(H99HI) due to a significant increase for days to silk 
* 
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in Cl followed by significant decreases in C2 and C3. The CO x C3 
crosses were significantly earlier than the CO populations, except in 
BS22(H99HI). Although nonsignificant, the C3-selfed populations tended 
to be earlier than their respective CO-selfed population. Inbreeding 
depression was significant in the CO populations (BS21C0 and BS22C0), 
and the values increased and were highly significant after three cycles 
of selection in all groups, except in BS22(H99H1). Evidently, there are 
an appreciable number of heterozygous loci affecting days to silk in the 
C3 of BS21(A632UI), BS21(R) and BS22(R) despite rapid changes in the 
means after only a few cycles of recurrent selection. The AO terms were 
highly significant for days to silk in all population groups. The 
effect of heterozygotes and dominance on the CO mean (00) was highly 
significant in the BS21 groups [BS21(A632HI) and BS21(R)] and greater 
than the significant DO estimates in the BS22 groups [BS22(H99HI) and 
BS22(R)]. The AO terms, however, were larger than the DO terms in all 
groups. The AL term was nonsignificant in all groups and the only 
significant estimate of DL was in BS21(A632HI) (P < 0.01). DQ was 
almost significant for days to silk in BS21(A632HI), but relatively 
unimportant in all other groups. The predicted values showed highly 
significant selection responses after one and three cycles (26pa and 
6Apa, respectively) in BS21(A632HI), BS21(R), and BS22(R). 2Apa and 
6Apa were nonsignificant in BS22(H99HI). No significant values of 18 DQ 
were detected in the population groups. 
The plants of BS21(A632HI) became significantly shorter in CI and 
C2 relative to the preceeding cycle population, while significant 
decreases for plant height in BS21(R) and BS22(R) occurred gradually 
from CO to C3. The changes for this trait in BS22(H99HI) were 
nonsignificant among the cycle populations. Only the CO x C3 crosses of 
the BS21 populations [BS21C0 x BS21(A632HI)C3 and BS21C0 x BS21(R)C3] 
had plant heights that were significantly different (shorter) than the 
CO population. Reductions for plant height among the cycles of inbred 
populations were significant in all groups, except in BS22(H99HI). The 
vigor of the CO populations was considerably reduced by one generation 
of selfing in all groups as indicated by the significant levels of 
inbreeding depression (reduced plant height). In the CO, the effect of 
inbreeding depression was highly significant and larger in BS21C0 than 
the significant effect in BS22C0. Inbreeding depression was highly 
significant in C3 of BS21(A632HI), BS21(R), and BS22(H99HI), while 
significant in BS22(R). The value for inbreeding depression increased 
in the C3 of all groups relative to that of the CO populations 
indicating an increase in the number of heterozygous loci. However, the 
increase in BS22(R)C3 was not as great as in the other population 
groups. The AO and DO parameters were highly significant for plant 
height in all groups. The BS21 groups [BS21(A632HI) and BS21(R)] had 
slightly larger DO estimates than in BS22(H99HI) and BS22(R); however, 
the DO values of all groups were considerably smaller than the AO 
estimates. The AL term was highly significant in BS21(A632HI) and 
significant in BS21(R) and BS22(R), but nonsignificant in BS22(H99HI). 
None of the groups had significant DL terms, indicating that the effect 
of heterozygotes on the change in the mean was less important than the 
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effects of homozygotes (AL). DQ was significant only in BS21(A632H1). 
Highly significant selection responses after one cycle of selection 
(2Apa) and after three cycles (6Apa) were detected for BS21(A632HI) and 
BS21(R). The BS22 populations had no significant predicted values of 
2Apa and 6Apa for plant height. The effect of changes in the 
frequencies of heterozygotes after three cycles of selection (18 DQ) was 
significant only in BS21(A632HI). 
Ear height reduced significantly in the CI and C2 of BS22(R) and in 
the same cycles of the BS21 populations [BS21(A632HI) and BS21(R)]. No 
changes were observed in BS22(H99H1) until the third cycle when ear 
height decreased significantly. Only the ear height of BS21C0 was 
significantly different (larger) than that of the CO x C3 crosses. 
Among the inbred populations, ear height decreased significantly in all 
population groups after three cycles of recurrent selection. Inbreeding 
depression was significant in the CO and highly significant in the C3 of 
both BS21 populations [BS21(A632H1) and BS21(R)], showing a slight 
increase from CO to C3. No significant estimates of inbreeding 
depression were detected for ear height in BS22(H99HI) and BS22(R) cycle 
populations. The AO terms were highly significant in all groups, but 
the estimates of DO for ear height were significant (P < 0.01) only in 
the BS21 groups [BS21(A632HI) and BS21(R)]. All population groups had 
significant Mi parameters, but only BS21(A632HI) had a highly 
significant estimate. DL was nonsignificant for ear height in all 
groups. BS21(A632H1) had a significant estimate for DQ while the 
parameter was nonsignificant in BS21(R), BS22(H99HI), and BS22(R). 2Apa 
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and 6Apa were highly significant in all population groups, except in 
BS22(H99HI), which was nonsignificant for both values. The largest 
estimates of selection response were in BS21(Â632HI); however, this 
group also had the only significant value for 18 DQ. 
There were no significant changes among the cycle means for ear 
length in the populations per se of BS21(A632HI), BS21(R), and 
BS22(H99HI). However, the C3 population of BS22(R) had significantly 
shorter ears than the CI and C2 populations of the same group. The CO x 
C3 crosses of all groups had ear lengths that were similar to those of 
the mid-parent values. There were no significant ear length differences 
between the CO and C3 of the inbred populations. Inbreeding depression 
was highly significant in the CO and decreased slightly from CO to C3 in 
all groups. However, the estimates for inbreeding depression were 
highly significant in the C3 of all population groups. Highly 
significant values for AO and DO were detected for ear length in all 
groups. In the BS21 groups [BS21(A632HI) and BS21(R)], both parameters 
(AO and DO) were similar in magnitude; however, the effects of the 
homozygotes on the mean of BS22C0 (AO) were greater than the effects of 
the heterozygotes (DO). The other parameters partitioned in the 
analysis (AL, DL, and DQ) and the predicted values (2Apa, 66pa, and 18 
DQ) were nonsignificant in all population groups. 
Ear diameter decreased significantly after three cycles of RRS in 
BS21(R) and BS22(R) with most of the change in the CI. The inbred 
populations of the same two groups showed decreases over cycles as 
well. Ear diameter of BS21(A632HI) and BS22(H99HI) after three cycles 
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of RRSl was not different than the CO populations, but BS22(H99HI)C1 had 
significantly narrower ears than did BS22C0. The inbred populations of 
BS21(A632H1) and BS22(H99HI) had no changes for ear diameter from CO to 
C3. In the BS21(R) and BS22(R) groups, the CO x C3 crosses had 
significantly wider ears than the C3 of the same groups. Inbreeding 
depression was highly significant for ear diameter in the CO and C3 of 
all population groups. From CO to C3, inbreeding depression did not 
change in the BS21 populations [BS21(A632H1) and BS21(R)], while slight 
decreases were observed in BS22(H99HI) and BS22(R). The AO and DO terms 
were highly significant for all groups, but the AO parameters were 
considerably larger than the DO estimates. AL, DL, and DQ were 
unimportant in all groups, and the only significant predicted values 
were those of 2Apa and 6Apa for ear diameter in BS22(R). 
BS21(R) and BS22(R) had significant reductions for kernel depth in 
the CI followed by no further significant changes in later cycles. 
These changes are the probable cause of the ear diameter reductions 
discussed previously. Kernel depth did not change significantly in 
BS21(A632HI) and the only significant difference among BS22(H99HI) 
populations was smaller kernels in the CI relative to the CO. The CO x 
C3 crosses of BS21(R) and BS22(R) had deeper kernels than the C2 and C3 
populations per se of the same groups. The mean kernel depth of BS21C0 
X BS21(A632H1)C3 was not different from the BS21(A632HI) populations per 
se, but BS22C0 had deeper kernels than those of BS22C0 x 
BS22(H99HI)C3. Inbreeding depression was highly significant for kernel 
depth in both CO populations (BS21C0 and BS22C0). The C3 of the BS21 
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groups [BS21(À632H1) and BS21(R)] had highly significant values for 
inbreeding depression with a slight increase in BS21(A632HI) and a 
slight decrease in BS21(R) from CO to C3. The BS22 groups [BS22(H99HI) 
and BS22(R)] had decreases in the amount of inbreeding depression from 
CO to C3, but the estimates were significant in both groups. AO and DO 
were highly significant for kernel depth in all groups, but the AO 
parameters were more than five times larger than the DO estimates. None 
of the groups had significant AL, DL, or DQ estimates for kernel 
depth. The predicted values (2Apa and 6Apa) were nonsignificant in 
BS21(A632HI), BS21(R), and BS22(R); however, 2Apa and 6Apa were 
significant in BS22(H99HI) showing decreases for kernel depth attributed 
to selection. 
Number of kernel rows increased in BS21(A632H1), BS21(R), and 
BS22(H99H1) after cycles of recurrent selection. The change over cycles 
was significant in BS22(R), also, but resulted in fewer kernel rows per 
ear. The ears of the CO populations had significantly fewer kernel rows 
than the CO x C3 crosses of BS21(A632Hl) and BS22(H99HI). The CO x C3 
cross of BS21(R) was similar to BS21C0 for number of kernel rows, while 
BS22C0 had significantly more kernel rows per ear than the ears of 
BS22C0 X BS22(R)C3. Among the inbred populations, number of kernel rows 
increased from CO to C3 in BS21(A632H1), but decreased in BS22(R). No 
significant changes were observed in the C3-selfed populations of 
BS21(R) and BS22(H99HI). BS21C0 had no evidence of significant 
inbreeding depression for number of kernel rows. Both BS21 groups 
[BS21(A632HI) and BS21(R)] had significant inbreeding depression in the 
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C3 but the largest increase from CO to C3 was in BS21(R). Inbreeding 
depression was significant in BS22C0 for this trait and increased 
considerably in BS22(H99H1)C3 (P < 0.01). The estimate for BS22(R)C3, 
however, was nonsignificant and slightly lower in magnitude than the 
inbreeding depression value for BS22C0. The AO terms were larger than 
the DO terms in all groups, but both parameters were highly significant 
in all cases. The AL term was not important in any group, while the 
only significant DL parameter was in BS22(H99HI). DQ was highly 
significant and negative for number of kernel rows in both population 
groups improved by RRSI [BS21(A632HI) and BS22(H99H1)], while the 
population groups improved by RRS [BS21(R) and BS22(R)] had 
nonsignificant DQ estimates. 26pa and 6Apa were highly significant in 
all groups, except BS21(R), showing increases in BS21(A632HI) and 
BS22(H99H1) while BS22(R) had negative responses. The 18 DQ term was 
highly significant and negative for both population groups improved by 
RRSI [BS21(A632HI) and BS22(H99HI)]. BS21(R) and BS22(R), however, had 
nonsignificant 18 DQ values for number of kernel rows after three cycles 
of RRS. 
Significant decreases over cycles of selection were observed for 
300-kernel weight in all population groups except in BS22(R). Among the 
inbred populations, 300-kernel weight decreased significantly only in 
the BS21 groups [BS21(A632Hl) and BS21(R)]. The CO x C3 crosses of 
BS21(R) and BS22(H99HI) had significantly lighter kernels than those of 
the CO populations per se. while the 300-kernel weights of BS21C0 and 
BS22C0 were not significantly different than the weights in the CO x C3 
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crosses of Che BS21(A632HI) and BS22(R) groups. Inbreeding depression 
was significant for this trait only in the C3 of BS21(A632HI). The AO 
term was highly significant in all population groups, but none of the 
groups had significant effects of heterozygotes and dominance (DO) on 
the CO means for 300-kernel weight. AL was highly significant in 
BS21(A632H1) and significant in BS21(R), but the same parameter was 
nonsignificant in the BS22 groups [BS22(H99Hl) and BS22(R)]. The DL and 
DQ terms were not important for 300-kernel weight in these 
populations. The predicted selection responses, 2Apa and 6Apa, were 
highly significant and negative in all population groups, except in 
BS22(R). The cumulative effects of 18 DQ were not important in any 
group for 300-kernel weight. 
There were no significant changes for grain yield detected in the 
cycle populations of BS21(A632H1), while yield decreased significantly 
in the CI of BS22(H99HI) followed by a significant increase in C2 to a 
level similar to that of BS22C0. BS21(R) and BS22(R) had significant 
decreases in the C2 and C3, respectively, relative to the yields of the 
CO populations per se. None of the inbred populations had significant 
differences between CO-selfed and C3-selfed. The BS22 groups 
[BS22(H99Hl) and BS22(R)] had CO x C3 crosses that were significantly 
higher yielding than at least one of the cycle populations per se in 
their respective groups. The yields of the CO x C3 crosses in the BS21 
groups [BS21(A632H1) and BS21(R)] were not statistically different from 
any population per se of those groups. Inbreeding depression was highly 
significant in the CO and C3 of all population groups. Although highly 
192 
significant, the magnitude of inbreeding depression decreased in all 
groups from CO to C3, indicating that some less favorable alleles that 
were present in heterozygotes in the CO have decreased frequencies 
and/or have become fixed as homozygotes, resulting in a loss of 
heterozygotes after three cycles of selection. There were no obvious 
difference among inbreeding depression values that could be attributed 
to the type of selection procedures used (RRS or RRSI). The AO term was 
highly significant in the BS22 groups [BS22(H99HI) and BS22(R)] but 
nonsignificant in BS21(A632HI) and BS21(R}. The DO parameter, however, 
was highly significant in all population groups and considerably more 
important for grain yield in BS21C0 and BS22C0 than the effects of 
homozygotes (AO). None of the groups had. significant estimates for ÂL, 
DL, and DQ parameters or for predicted values (2Apa, 6Apa, and 18 DQ). 
In general, there were no differences for inbreeding depression or 
genetic parameter estimates that could be attributed to the type of 
selection procedure used (RRS or RRSI). The effect of dominance on the 
CO mean (DO) was important for all traits, except for ear height in BS22 
population groups [BS22(H99HI) and BS22(R)] and 300-kernel weight in all 
population groups. Significant DQ estimates were detected in 
BS21(A632HI) populations for traits generally associated with changes in 
maturity: days to anthesis, plant height, and ear height. DQ was 
either nonsignificant or of no practical significance for traits of the 
other population groups. Smith (1979b) identifies DQ as the estimate of 
changes in allelic frequencies squared that can be attributed to 
selection and/or drift. He argued that the quadratic changes in allelic 
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frequencies due to a few cycles of selection are expected to be too 
small to detect; consequently, significant DQ estimates could be 
explained in terms of random inbreeding (i.e., random genetic drift). 
However, it is unlikely that random genetic drift was important in 
BS21(A632H1) after only three cycles of selection when the effective 
population size was 20 to 22 for each selection cycle (Table 3), 
especially when DQ was not important in the other population groups 
which were handled similarly. It is plausible, however, that the 
effects of non-random inbreeding due to unintentional selection for 
early maturing plants may have caused the significant DQ estimates 
detected for maturity effects in BS21(A632HI). The initial gene 
frequencies of BS21C0 were not important contributors towards the 
significant DQ parameter estimates in BS21(A632HI), because DQ was not 
significant for any trait in BS21(R). 
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GENERAL DISCUSSION 
Population improvement and inbred line development should be the 
two primary goals of maize breeders. However, many maize breeders, 
primarily in the commercial seed industry, have concentrated their 
efforts on inbred line development from genetically narrow-base 
populations rather than from genetically broad-base populations improved 
by recurrent selection. Population improvement is not totally ignored 
if the whole set of related lines in a breeder's germplasm collection is 
considered to be the population under selection. Lines from the 
collection are crossed to produce several narrow-base populations from 
which improved strains are extracted. Population improvement occurs as 
these improved inbreds are added to the germplasm collection. 
Narrow-base populations have provided some outstanding inbred lines 
for the seed industry, especially from single-cross populations made 
from two well-chosen, high-yielding parent lines. Furthermore, inbred 
line development from single-cross populations is less labor intensive, 
less expensive, and faster than when a recurrent selection program is 
conducted simultaneously. However, narrow-base populations may be less 
effective for long-range breeding goals, and the inbred lines extracted 
from them tend to be only slightly better than the parents, if they are 
superior at all. Furthermore, the inbred lines extracted from the 
narrow-base populations tend to be similar to the parents for 
morphological and molecular characteristics. By using isozymic and 
chromatographic techniques. Smith (1988) estimated that approximately 
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60% of privately released hybrids evaluated in his study have either 
B73, Mol7, or A632 as direct parental inbreds or as major contributors 
of germplasm. Fehr (1987) points out that a broad-base population has a 
potential advantage over a two-parent population because the number of 
possible alleles in the population for each locus increases with the 
number of parents used, and the probability of heterozygosity at 
multiple loci is greater. The two-parent population offers two 
different alleles at each locus as a maximum, while the broad-base 
population may offer many different alleles. Therefore, it may be 
possible to select for an individual with a favorable allele at all loci 
from a broad-base population but not from a narrow-base population. 
Furthermore, it should be easier to extract useful inbred lines from a 
broad base population that are morphologically and molecularly distinct 
from inbreds that are produced by recycling lines from the seed 
industry. 
Breeding programs in the commercial seed industry can become large, 
and their parent seed companies generally demand cost-effective breeding 
efforts and rapid development of new inbred lines that will allow them 
to be competitive with other seed companies. Reciprocal recurrent 
selection (RRS) is effective for improving the breeding populations and 
the probability of extracting superior inbred lines that combine well to 
form competitive single-cross hybrids. However, acceptance of the 
procedure in the commercial seed industry has been limited because of 
the labor, expense, and time required for such a program. Russell and 
Eberhart (1975) proposed a modified reciprocal recurrent selection 
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procedure (RRSI) to alleviate some of the problems of simultaneous 
population improvement and inbred line recovery. The procedure uses 
commercially acceptable inbred lines as testers, rather than using the 
reciprocal populations. This proposal was made after studies showed 
that inbred lines are effective for improving GCA as well as SCÂ. 
There are two major advantages when using inbred testers rather 
than population testers: (1) Fewer tester plants need to be sampled 
during the formation of testcross progenies because of the homozygosity 
of the inbred line. The numbôr of inbred plants required is determined 
only by the seed quantity needed for testcross evaluation. To represent 
a heterogeneous tester adequately, much more labor and space are 
required to sample the tester, or an additional season is needed to 
topcross lines from the population with the tester as a common male 
parent. (2) New lines extracted from the populations may be utilized in 
commercial hybrids more quickly because of the early identification of 
the specific combination, especially when the inbred tester is already 
in commercial use. Therefore, RRSI would be a more efficient and 
complete procedure, considering both population improvement and inbred 
line recovery. 
RRSI should be effective for promoting complementary improvement in 
two source populations. Horner et al. (1973), Russell et al. (1973), 
and Walejko and Russell (1977) suggested that additive gene action is of 
major importance for yield in maize because an inbred line tester in 
recurrent selection for SCA was effective for improving populations in 
crosses with other testers. Furthermore, the best selection pressure on 
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a population will be at loci where the tester is homozygous recessive 
(Rawlings and Thompson, 1962; Allison and Curnow, 1966). In RRSI, an 
inbred line that is derived from one population (population A) should 
have recessive alleles at many loci that are recessive in population 
A. This inbred would maximize selection at these recessive loci when 
used as the tester for the other population (population B). Likewise, 
an inbred line derived from population B should maximize selection in 
population A at loci that are recessive in population B. If additive 
gene action is important, several cycles of RRSI should result in 
complementary improvement in the cycle crosses of population A x 
population B as the more favorable alleles from each population are 
combined. The rate of improvement, however, will depend on the initial 
gene frequencies in population A relative to those of population B. 
Horner et al. (1989) detected highly significant yield gains in the 
interpopulation crosses by using RRSI where an S2 line derived from the 
reciprocal population was used as the tester for a population and vice 
versa. 
The results of this study showed that RRS was more effective than 
RRSI for complementary yield improvement of BS21 and BS22. However, 
both procedures were equally effective for improving grain yield in the 
crosses between the cycle populations and the constant testers, when 
averaged over all testers. Recurrent selection for SCA had been 
successful for yield improvement in earlier studies as shown by Horner 
et al. (1973), Russell et al. (1973), Walejko and Russell (1977), and 
Horner et al. (1989). Furthermore, the data from Walejko and Russell 
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(1977) showed that inbred testers can provide complementary improvement 
between two populations. Consequently, why was there no complementary 
improvement in BS21(A632HI) and BS22(H99HI) as a result of RRSI? 
The traditional procedure, RRS, allows for direct improvement of 
both sides of the cross (BS21 and BS22) simultaneously. RRSI, however, 
is an indirect method for interpopulation improvement with direct 
selection affecting only one side of the cross in any given cycle. 
Hallauer and Miranda (1988) cited several studies that showed that 
direct improvement was more effective than indirect improvement. In ' 
this study, the direct affects of selection in BS21(A632HI) x A632 was 
highly significant and positive for yield, but the response in 
BS22(H99HI) x H99 was nonsignificant. Therefore, complementary 
improvement between the cycle populations, BS21(A632HI) x BS22(U99HI), 
may not be expected or it should be slower than that of BS21(R) % 
BS22(R). 
Genotype-by-environment interactions, the absence of trait 
expression, and masking effects with the inbred testers may have 
confounded the testcross evaluations during RRSI. Genetic relationships 
between the populations and their inbred testers may have hindered 
progress during the initial cycles of selection, also. 
The parallel program of RRS and RRSI was initiated in a staggered 
procedure (Table 2) to distribute the work load more evenly. Therefore, 
each cycle of testcross evaluation was subjected to different 
environmental influences. In most cycles of RRSI in BS21(A632HI) and 
BS22(H99HI), there were significant genotype-by-environment interactions 
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for all or most traits during testcross evaluations [Maize Breeding 
Research Project Annual Report 1975 to 1983. Iowa State University, 
Ames (W. A. Russell. Unpublished)]. There were fewer incidences of 
genotype-by-environment interactions during the evaluation of BS21(R) 
and BS22(R) testcross progenies. Interactions that cause a change in 
rank among the testcross progenies can make discrimination among them 
more difficult. However, when a significant interaction had occurred, 
the performance of the testcrosses at individual locations was 
considered before the selections were made. Furthermore, the genotype-
by-environment variance component estimates (ogg) in Table 12 do not 
indicate that the interactions would be a factor during the recurrent 
•selection cycles. It may be argued that the significant genotype-by-
environment interactions that were observed during RRSI may have 
occurred because the genetic potential of the inbred testers was better 
in some testing environments than in other environments. However, the 
inbred testers, A632 and H99, are elite lines that were released for 
public use because of their consistent performance over a wide range of 
environments. For these reasons, the significant genotype-by-
environment interactions probably occurred by chance, more often during 
RRSI than during RRS, and probably had little effect on interpopulation 
improvement. 
Absence of trait expression during testcross evaluations may have 
limited progress because of insufficient variability among testcross 
progenies. In years when root and stalk lodging was not important, the 
genetic variance (a|) among testcross progenies (Table 12), the 
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heritabilities (Table 3), and the expected gains (Table 3) were low for 
those traits. The limited amount of variation among testcross progenies 
may have been caused only by random environmental factors. However, 
masking effects with the inbred testers may have enhanced this problem 
during RRSl, resulting in slower progress relative to the gains made 
during EIRS. Masking effects with A632 were evident for grain moisture 
in BS21(A632HI) x A632 (Table 16), and H99 showed masking effects for 
root lodging (Table 17) and stalk lodging (Table 18) in BS22(H99HI) x 
H99. A similar effect may have occurred for yield, also, but it wasn't 
as noticeable because of the higher number of loci affecting yield 
relative to those affecting moisture and lodging traits. If there is a 
high frequency of dominant, favorable alleles controlling a particular . 
trait in the tester, then recessive unfavorable alleles at those loci in 
the population may be masked and not selected against. Masking effects 
with the inbred tester would reduce the genetic variance among testcross 
progenies relative to the variability in the populations per se. The 
genetic variance among testcross progenies for yield of BS21(A632H1) and 
BS22(H99H1) were similar to, if not lower than, the estimates of BS21(R) 
and BS22(R) (Table 12). Matzinger (1953), Oarrah et al. (1972), and 
Horner et al. (1973) found a much greater variance among testcross 
progenies with inbred testers than for those with heterogeneous 
population testers. 
Masking effects with the inbred testers, A632 and H99, may have 
limited progress in the interpopulation crosses of BS21(A632HI) x 
BS22(H99H1), but lines that combine well with the inbred testers are 
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identified more quickly than the lines selected by using the population 
testers. B87 is the only inbred line that has been released from this 
program, and it was selected from BS22C0 based on its performance when 
crossed to H99. A line selected from RRS must then be evaluated when 
crossed to an elite inbred tester to determine its true potential as an 
inbred line. Although A632 and H99 are appropriate testers for the 
applied breeding aspect of RRSI, they may not be appropriate for 
interpopulation improvement between BS21 and BS22« especially H99 which 
was not effective for improving yield of BS22(H99HI) x H99. The 
importance of this depends on the objective of the breeding program. 
Two questions must be asked: (1) How important is interpopulation 
improvement to the breeding program? (2) How important is the early 
identification of genotypes that will combine well with your most elite 
inbred line? In the commercial seed industry, where time and money are 
critical, the latter may have the more favored answer. Furthermore, 
yield improvements were made in other interpopulation crosses involving 
BS21(A632Hl) and BS22(H99HI) cycle populations (Table 15), despite the 
absence of response in BS21(A632HI) x BS22(H99HI). 
The masking effects of the inbred testers may be altered by 
replacing A632 and H99 with commercially acceptable lines derived from 
the BS21 and BS22 populations. A different inbred tester would allow 
for selection pressure at those loci previously masked by either A632 or 
H99. However, the new testers must have some commercial value to retain 
the efficiency of inbred line recovery in RRSI. Although B87 has been 
released to the commercial industry, its performance is inconsistent 
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relative to Â632, the tester line that it would replace. Â632 and H99 
are related to, but not derived from, the source populations. Inbred 
lines derived directly from the populations would be less likely to have 
masking effects when used as testers in RRSl, especially if the source 
populations are diverse. A632 and H99 were chosen to be the testers for 
BS21 and BS22 because of their relationships to the populations, they 
were commercially acceptable, and no inbred lines were available that 
were derived from the populations. 
Inbred masking effects were evident for many traits evaluated in 
Experiment 15 (Tables 20 to 30), especially for plant traits (days to 
flowering, pollen-silk interval, and plant and ear heights). In 
general; the changes for these traits in the inbred testcrosses were 
similar to the changes in the populations per se but less severe. 
Furthermore, the amount of root lodging (Table 17) and stalk lodging 
(Table 18) increased in the cycle populations of BS21(A632H1) and 
BS22(H99HI), although no significant changes were detected in the inbred 
testcrosses. These masking effects may be avoided by crossing Sj^  plants 
from selected progenies, rather than SQ plants, to the inbred testers. 
Winter nurseries could be used to retain the three-year increments of 
the procedure. Sg plants would be selfed in the winter nursery and 
grown as lines in the following summer nursery. One or two plants 
from each line would then be crossed to three or four inbred tester 
plants while paying careful attention to flowering dates. In the fall, 
selections would be made among and within Sj^  lines for desirable 
agronomic traits such as resistance to lodging and favorable ear 
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characteristics. Artificial infestation of European corn borers 
(Ostrinia nubilalis Hubner) and inoculations of disease pathogens could 
provide additional selection pressure for resistance to these pests. 
Furthermore, a second replication of lines could be planted at 
another location to control environmental effects when selecting among 
S]^  lines. Several variations could be applied (number of lines to 
grow, selection intensity among S| lines, number of replications of 
lines, etc.) depending on the amount of time and effort that the breeder 
could devote to this stage of the procedure. These alterations in the 
way that the testcross families are produced would allow for selection 
pressure that should affect the populations per se regardless of the 
selection pressure applied during the evaluation of testcross 
families. Once the populations per se have reached a point where 
agronomic traits, such as lodging and pest resistance, are acceptable, 
then the method for producing testcross families may be changed to 
reduce the time and labor involved. 
Yield progress in RRSI may have been limited by genetic 
relationships between the populations and their testers. H99 was chosen 
to be the tester for BS22 because it is related to BS21 through A619, an 
inbred used to form the population (Table 1). However, A619 was used to 
form BS22, also. A632 is a component line of BS22; therefore, it was 
the logical choice as the tester for BS21. However, BS21 is related to 
Â632 through one of its component lines, B14A. Furthermore, the 
divergence between BS21 and BS22 is questionable because A619, Ch9, and 
W153R were used to form both populations, and B14A, of BS21, is related 
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to A632 and (CHV3 x Bl4)B14-sel., both of BS22. The lack of mid-parent 
heterosis for yield in BS21C0 x BS22C0 may be attributed to a lack of 
divergence between these populations, also. However, the genetic 
relationships seemed to have minimal effects on selection, based on the 
heterosis observed in the inbred testcrosses and the highly significant 
yield increase observed in the BS21(A632HI) x Â632 and BS21(R) x BS22(R) 
crosses. Martin and Hallauer (1980) evaluated seven cycles of RRS in 
BSSS(R) and BSCBI(R) and found significant yield heterosis in the CO 
testcross compared to the CO populations per se. 
The potential problem of the genetic relationships between the 
populations, BS21 and BS22, and their inbred testers was realized before 
the parallel program was initiated. Because the number of inbred lines 
recombined to form the source populations was relatively large, it was 
assumed that negative effects due to the genetic relationships would be 
minimized, or they would be eliminated after one or two cycles of 
selection. Therefore, the rate of progress may improve after further 
cycles of selection are completed, as the alleles are sorted to increase 
the frequencies of the most favorable allelic combinations. Some 
previous studies have indicated that definite trends for yield 
improvement are not established until five cycles of recurrent selection 
have been completed. Penny and Eberhart (1971) were disappointed with 
the lack of improvement in BSSS(R) and BSCBl(R) after four cycles of 
RRS. They found only 1.7% cycle"^  improvement in hybrid performance 
compared with a predicted gain of 7.2% cycle~^ . After five cycles, 
however, Eberhart et al. (1973) reported a yield gain in BSSS(R)CN x 
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BSCB1(R)CN of 0.27 Mg ha~^  cycle"^  (4.6% cycle"^ ), considerably better 
improvement than reported by Penny and Eberhart (1971). 
Inbreeding depression may have hindered selection progress for 
yield in the populations per se. The results of Experiment 25 showed 
that the amount of inbreeding depression decreased for hand-harvested 
grain yield after three cycles of selection in all populations (Table 
32). These data support the hypothesis that inbreeding contributed to 
the lack of yield improvement in the populations per se; however, the 
magnitude of the reductions for inbreeding depression were probably too 
low to be of practical significance. 
Sampling is always a problem when doing research with heterogeneous 
populations such as BS21 and BS22. Random deviation caused by sampling 
can occur when seed is prepared in the breeding nurseries and again when 
seeds are packeted for the evaluation experiments. We attempt to 
minimize sampling effects by using an adequate number of plants in the 
seed preparation and by replication in the experiments. 
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SUMMARY 
BS21(A632H1) and BS22(H99HI) had been improved by using elite 
inbred line testers in a modified reciprocal recurrent selection 
procedure (RRSI), while the traditional reciprocal recurrent selection 
procedure (RRS) had been used to improve BS21(R) and BS22(R). BS21 and 
BS22 cycle populations, interpopulation crosses, and testcrosses to 
inbred and noninbred testers were evaluated for changes in grain yield, 
grain moisture, root lodging, and stalk lodging after three cycles of 
both recurrent selection procedures. Changes in plant and ear traits 
over cycles of selection were evaluated, and inbreeding depression and 
the effects of selection on changes in allelic frequencies were 
investigated, also. 
Highly significant gains for yield (0.31 Mg ha~^  cycle"^ ), root 
lodging (-2.91% cycle~^ ), and stalk lodging (-2.61% cycle~^ ) were 
observed in the BS21(R) x BS22(R) testcrosses from RRS. Yield improved 
in BS21(A632H1) x A632 after RRSI at a highly significant rate of 0.18 
Mg ha~^  cycle"!, the procedure was ineffective for improving grain 
yield in BS22(H99HI) x H99 after three selection cycles. Furthermore, 
RRSI resulted in no significant improvements for root lodging and stalk 
lodging in the cycle testcrosses of BS21(A632HI) x A632 and BS22(H99HI) 
X H99. The yield response of the BS21(A632HI) x BS22(H99HI) cycle 
testcrosses was nonsignificant, indicating that RRS was more effective 
than RRSI for complementary yield improvement between BS21 and BS22 
maize synthetics. RRS and RRSI were similar, however, in their 
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effectiveness for improving grain yield when the original and improved 
populations were crossed to several inbred and noninbred testers. The 
rates of yield gains for testcrosses averaged over testers were highly 
significant at: 0.09 Mg ha"^  cycle"^  for BS21(A632HI) testcrosses, 0.09 
Mg ha"l cycle"^  for BS22(H99H1), 0.13 Mg ha"^  cycle"^  for BS21(R), and 
0.10 Mg ha~^  cycle"! for BS22(R) testcrosses. However, the significance 
of the rate of response for testcrosses with specific testers varied. 
Neither recurrent selection procedure (RRS or RRSI) was effective 
for improving yield in the populations per se. Root lodging resistance 
improved in BS22(H99HI) cycle populations from RRSI and in BS21(R) from 
RRS, but no significant gains were made for this trait in BS21(A632HI) 
or in BS22(R) populations per se. RRS was effective for decreasing 
percentage of stalk lodging over cycles of selection in both BS21(R) and 
BS22(R) populations ^ er s£, but BS21(A632HI) and BS22(H99H1) had 
increases for the amount of stalk lodging in the initial cycles of 
RRSI. All populations per se. regardless of the tester used, showed 
significant changes for grain moisture over cycles of selection. The 
populations per se and testcrosses of BS21(A632HI) and BS22(R) tended to 
have reductions for percentage of moisture over cycles of selection, 
while increasing trends were observed in the BS22(H99HI) and BS21(R) 
cycle populations and testcrosses. Several groups of populations per 
se, testcrosses, and interpopulation crosses had significant changes for 
plant traits, showing reductions in days to flowering, plant height, and 
ear height. Significant changes for some ear traits were noted in cycle 
populations and crosses of both procedures; however, the magnitude of 
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most changes was of no practical significance. 
RRS was more effective than RRSl for improving yield in the 
interpopulation crosses between BS21 and BS22. Reasons for the lack of 
interpopulation improvement in RRSI may include: (1) direct selection 
pressure on both sides of the cross in RRS, while only one side of the 
cross is under direct selection pressure in RRSI; (2) confounded 
testcross progeny evaluations during RRSI by genotype-by-environment 
interactions, a lack of trait expression, and/or masking effects with 
the elite inbred testers; and (3) genetic relationships between the 
populations and their testers. Inbreeding depression may have played a 
role in the absence of yield improvement in the populations per se; 
however, the results of Experiment 25 showed that inbreeding depression 
was probably of minor importance for grain yield. 
There is an additional concern that the BS21(A632HI) and BS22(R) 
populations per se have become too early in maturity to allow for the 
full use of the growing season in northern Iowa, the intended 
environment for inbred lines derived from BS21 and BS22. If selection 
within the populations for later maturity is not successful, it may 
become necessary to add genetic material of a later maturity to 
BS21(A632HI) and BS22(R) to lengthen the maturity of these populations 
such that the lines derived from them will utilize the entire growing 
season and be more competitive with other lines already in commercial 
use in northern Iowa. 
An alteration in the RRSI procedure used at Iowa State University 
was suggested to gain more control over changes for important agronomic 
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traits in the populations per se. such as root lodging and stalk 
lodging. The change involves selection among lines while making the 
testcross families and would allow for improvements in the populations 
per se regardless of the extent of masking effects when using elite 
inbred lines as testers. 
Evidence in the literature shows that recurrent selection for SCÂ 
is effective for improving 6CÂ in populations. Therefore, there is no 
reason to question the validity of RRSI for interpopulation 
improvement. Although BS21(A632HI) x BS22(H99HI) showed no yield 
improvement after three cycles of RRSI, both populations [BS21(A632H1) 
and BS22(H99H1)] had significant yield gains in interpopulation crosses 
with other testers. The question for RRSI in BS21 and BS22 is one of 
whether A632 and H99 were the best testers to use. From the standpoint 
of interpopulation improvement, both inbred testers (especially H99) 
were probably not as effective as inbred testers derived directly from 
BS21 and BS22 would have been. From the standpoint of inbred line 
recovery, however, A632 and H99 were among relatively few inbreds 
available to use as testers because of a limited number of public lines 
of this maturity that were as commercially acceptable as these lines. 
RRSI has changed the frequencies of alleles important for grain 
yield in both populations, BS21 and BS22, because significant gains were 
detected when BS21(A632HI) and BS22(H99HI) cycle populations were 
crossed to testers other than A632 and H99. If these gains were 
associated with selection, rather than random fluctuations, then RRSI 
may be more effective for improving yield of BS21(A632HI) x BS22(H99HI) 
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in later selection cycles. Therefore, this parallel study should be 
continued and evaluated after six cycles have been completed before 
definite conclusions and recommendations can be made concerning RRSl. 
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APPENDIX 
Table Al. Design matrix (X) used for least squares regression analysis (Eberhart, 1964) of the 
BS21 regression group in Experiments 14 and 15* 
Coefficients 
Entries bo bj ^11 ^12 bi3 bl4 hs b2 '>21 
CM 
^23 ^24 hs 
BS21C0 1 0 0 0 0 0 0 0 0 0 0 0 0 
BS21C0 1 0 0 0 0 0 0 0 0 0 0 0 0 
BS21C0 1 0 0 0 0 0 0 0 0 0 0 0 0 
BS21(A632H1)C1 1 1 1 0 0 0 0 1 1 0 0 0 0 
BS21(A632H1)C2 1 2 2 0 0 0 0 4 4 0 0 0 0 
BS21(A632HI)C3 1 3 3 0 0 0 0 9 9 0 0 0 0 
BS21(R)C1 1 1 0 1 0 0 0 1 0 1 0 0 0 
BS21(R)C2 1 2 0 2 0 0 0 4 0 4 0 0 0 
BS21(R)C3 1 3 0 3 0 0 0 9 0 9 0 0 0 
BS21C0 X BS21(A632HI)C1 1 1 0 0 1 0 0 1 0 0 1 0 0 
BS21C0 X BS21(A632HI)C2 1 2 0 0 2 * 0 0 4 0 0 4 0 0 
BS21C0 X BS21(A632HI)C3 1 3 0 0 3 0 0 9 0 0 9 0 0 
BS21C0 X BS21(R)C1 1 1 0 0 0 1 0 1 0 0 0 1 0 
BS21C0 X BS21(R)C2 1 2 0 0 0 2 0 4 0 0 0 4 0 
BS21C0 X BS21(R)C3 1 3 0 0 0 3 0 9 0 0 0 9 0 
BS21(R)C1 X BS21(A632H1)C1 1 1 0 0 0 0 1 1 0 0 0 0 1 
BS21(R)C2 X BS21(A632H1)C2 1 2 0 0 0 0 2 4 0 0 0 0 4 
BS21(R)C3 X BS21(A632HI)C3 1 3 0 0 0 0 3 9 0 0 0 0 9 
^he design matrix for the BS22 regression group is identical (see Table 8 for the entry 
list). 
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Table À2. Design matrix (X) used for least squares regression analysis 
(Eberhart, 1964) of the BS21 x A632 regression group in 
Experiments 14 and 15^ 
Coefficients 
Entries bo bl bll ^12 b2 b2i ^22 
BS21C0 X A632 1 0 0 0 0 0 0 
BS21C0 X A632 1 0 0 0 0 0 0 
BS21(A632H1)C1 x A632 1 1 1 0 1 1 0 
BS21(A632HI)C2 x A632 1 2 2 0 4 4 0 
BS21(A632HI)C3 x A632 1 3 3 0 9 9 0 
BS21(R)C1 X A632 1 1 0 I 1 0 1 
BS21(R)C2 X A632 1 2 0 2 4 0 4 
BS21(R)C3 X A632 3 0 3 9 0 9 
^he design matrices for the regression groups of BS21 x A239, BS22 
X H99, and BS22 x A239 are identical (see Table 8 for the entry list). 
Table A3. Design matrix (X) used for least squares regression analysis 
(Eberhart, 1964) o£ the BS21 x BS22 regression group in 
Experiments 14 and 15 
Coefficients 
Entries bo h hi "12 h 3 bl4 h5 he 
BS21C0 X BS22C0 I 0 0 0 0 0 0 0 
BS21C0 X BS22C0 1 0 0 0 0 0 0 0 
BS21C0 X BS22C0 1 0 0 0 0 0 0 0 
BS21C0 X BS22C0® 1 0 0 0 0 0 0 0 
BS21(A632ai)Gl x BS22G0 1 1 1 0 0 0 0 0 
BS21(A632H1)C2 x BS22C0 1 2 2 0 0 0 0 0 
BS21(A632HI)C3 x BS22C0 1 3 3 0 0 0 0 0 
BS22(H99HI)C1 x BS21C0 I 1 .0 1 0 0 0 0 
BS22(H99H1)C2 x BS21C0 1 2 0 2 0 0 0 0 
BS22(H99HI)C3 x BS21C0 1 3 0 3 0 0 0 0 
BS21(R)C1 X BS22C0 1 1 0 0 1 0 0 0 
BS21(R)C2 X BS22C0 1 2 0 0 2 0 0 0 
BS21(R)C3 X BS22C0 1 3 0 0 3 0 0 0 
BS22(R)C1 X BS21C0 1 1 0 0 0 1 0 0 
BS22(R)C2 X BS21C0 1 2 0 0 0 2 0 0 
BS22(R)C3 X BS21G0 1 3 0 0 0 3 0 0 
BS21(R)C1 X BS22(R)C1 1 1 0 0 0 0 1 0 
BS21(R)G2 X BS22(R)G2 1 2 0 0 0 0 2 0 
BS21(R)G3 X BS22(R)G3 1 3 0 0 0 0 3 0 
BS21(R)G1 X BS22(H99HI)G1 1 1 0 0 0 0 0 1 
BS21(R)G2 X BS22(H99HI)C2 1 2 0 0 0 0 0 2 
BS2i(R)C3 X BS22(H99Eil)G3 1 3 0 0 0 0 0 3 
BS21(A632HI)G1 x BS22(R)G1 1 1 0 0 0 0 0 0 
BS21(A632H1)C2 x BS22(R)G2 1 2 0 0 0 0 0 0 
BS21(A632HI)G3 x BS22(R)G3 1 3 0 0 0 0 0 0 
BS21(A632HI)C1 x BS22(H99HI)G1* 1 1 0 0 0 0 0 0 
BS21(A632HI)G2 X BS22(H99HI)C2® 1 2 0 0 0 0 0 0 
BS21(A632HI)C3 X BS22(H99HI)G3* 1 3 0 0 0 0 0 0 
*Not included in analyses with 1987 environments. 
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Table AA. List o£ genetic parameter expectations for BS21 and BS22 
populations per se. crosses, and selfed populations analyzed 
according to the model of Smith (1979a, 1979b, 1983) 
Entry Genetic parameter expectation 
BS21C0 
BS21(Â632HI)C1 
BS21(A632H1)C2 
BS21(A632HI)C3 
AO, 
AO, 
AO, 
AOj 
2D0, 
2AL,,(1) 
2AL;:(2) 
2ALii(3) 
+ 2D0, 
+ 2D0, 
+ 2D0j 
+ 2DL,,(1) 
+ 2DL,,(2) 
+ 2DLII(3) 
- 2DQH(I2) 
: aii?.'! 
BS22C0 
BS22(H99H1)C1 
BS22(H99H1)C2 
BS22(H99HI)C3 
AO, 
AO, 
AO, 
AOg 
2D0, 
2AL,,(1) 
2AL,,(2) 
2AL2I(3) 
+ 2D0, 
+ 2DO2 
+ 2DO2 
+ 2DL,,(1) 
+ 2DL2I(2) 
+ 2DL2I(3) 
: 
- 2DQ2i(32) 
BS21C0 
BS21(R)C1 
BS21(R)C2 
BS21(R)C3 
AO, 
AO, 
AO, 
AOj 
2D0, 
2AL,,(1) 
2AL,,(2) 
2ALI2(3) 
+ 2D0, 
+ 2D0, 
+ 2D0i 
+ 2DL,,(1) 
+ 2DL,,(2) 
+ 2DLJ2(3) 
- 2DQI2(I2) 
- 2DQI2(22) 
- 20912(3 ) 
BS22C0 
BS22(R)C1 
BS22(R)C2 
BS22(R)C3 
AO, 
AO, 
AO, 
AOg 
2D0, 
2AL,,(1) 
2AL,,(2) 
2AL22(3) 
+ 2DO2 
+ 2DO2 
+ 2DO2 
+ 2DL,,(1) 
+ 2DL,,(2) 
+ 2DL22(3) 
- 2DQ22('l^) 
- 2DQ22(22) 
- 2DQ22(3^) 
BS21C0 X BS21(Â632HI)C3 
BS22C0 X BS22(H99H1)C3 
BS21C0 X BS21(R)C3 
BS22C0 X BS22(R)C3 
AO, 
AO, 
AO, 
AOg 
AL,,(3) + 2D0, 
AL,,(3) + 2D0, 
AL,,(3) + 2D0, 
AL22(3) + 2D02 
+ DL,,(3) 
+ DL,,(3) 
+ DLfiO) 
+ DL22(3) 
BS21C0-selfed 
BS21(A632Hl)C3-selfed 
AO, 
AOI 
DO, 
2ALU(3) + DOJ + DL^^(3) - DQII(32) 
BS22C0-selfed 
BS22(H99HI)C3-selfed 
AO, 
AOJ 
DO, 
2AL2I(3) + DOj + DL2J(3) - DQ2I(32) 
BS2lC0-selfed 
BS21(R)C3-selfed 
AO, 
AOI 
DO, 
2ALJ2(3) + DOJ + DLI2(3) - DQI2(32) 
BS22C0-selfed 
BS22(R)C3-selfed 
AO, 
AOG 
DO2 
2AL22(3) + DO2 + DL22(3) - DQ22(3^) 
Table À5. Design matrix (X) used in least squares regression, according 
to the model by Smith (1979a, 1979b, 1983) used in 
Experiment 25 
Coefficients 
Entry AOj AO2 DOj DO2 ^^11 ^^21 ^^12 AL22 
BS21C0 1 0 2 0 0 0 0 0 
BS21(A632H1)C1 1 0 2 0 2 0 0 0 
BS21(A632HI)C2 1 0 2 0 4 0 0 0 
BS21(A632H1)C3 1 0 2 0 6 0 0 0 
BS22C0 0 1 0 2 0 0 0 0 
BS22(H99HI)C1 0 1 0 2 0 2 0 0 
BS22(H99HI)C2 0 1 0 2 0 4 0 0 
BS22(H99HI)C3 0 1 0 2 0 6 0 0 
BS21C0 1 0 2 0 0 0 0 0 
BS21(R)C1 1 0 2 0 0 0 2 0 
BS21(R)C2 1 0 2 0 0 0 4 0 
BS21(R)C3 1 0 2 0 0 0 6 0 
BS22C0 0 1 0 2 0 0 0 0 
BS22(R)C1 0 1 0 ? 0 0 0 2 
BS22(R)C2 0 1 0 2 0 0 0 4 
BS22(R)C3 0 1 0 2 0 0 0 6 
BS21C0 X BS21(A632HI)C3 1 0 2 0 3 0 0 0 
BS22C0 X BS22(H99HI)C3 0 1 0 2 0 3 0 0 
BS21C0 X BS21(R)C3 1 0 2 0 0 0 3 0 
BS22C0 X BS22(R)C3 0 1 0 2 0 0 0 3 
BS2lC0-8elfed 1 0 1 0 0 0 0 0 
BS21(A632Hl)C3-selfed 1 0 1 0 6 0 0 0 
BS22C0-8elfed 0 1 0 1 0 0 0 0 
BS22(H99HI)C3-selfed 0 1 0 1 0 6 0 0 
BS21C0-sel£ed 1 0 1 0 0 0 0 0 
BS21(R)C3-sel£ed 1 0 1 0 0 0 6 0 
BS22C0-selfed 0 1 0 1 0 0 0 0 
BS22(R)C3-selfed 0 1 0 1 0 0 0 6 
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Table A6. Analyses o£ variance, combined over seven environments in 
1987 and 1988 (Experiments 70114, 70214, 71014, 71114, 80114, 
80214, and 81014) for four traits of BS21 and BS22 
populations per se and crosses 
Mean squares 
Source of Lodging 
variation DF Yield Moisture Root Stalk 
Environments i [Env) 6 780. 64 1249. 11 23098. 94 6841. 20 
Replications/Env 14 1629. 37 11. 68 9546. 61 233. ,33 
Entries 81 5. 33** 22. 00** 137. 36** 197. ,71** 
BS21 Group 15 0. 97 21." 90** 151. 14** 226. ,58** 
Linear (L) 5 1. 21 58. 80** 224. 78** 483. 01** 
Average L 1 0. 74 11. 47* 543. 78** 241. ,07* 
Among L 4 1. 32 70. 63** 145. 02 543. ,49** 
Quadratic (Q) 5 0. 76 4. 64 162. 82* 177. ,23** 
Average Q 1 2. 09 0. 06 95. 19 304. ,83* 
Among Q 4 0. 43 5. 79* 179. 73* 145. ,33* 
Residual 5 0. 94 2. 26 65. 81 19. 49 
BS22 Group 15 1.25* 25.65** 108.90* 190.10** 
Linear 5 2.02** 63.15** 110.40 400.37** 
Average L 1 0.19 30.24** 50.96 125.73 
Among L 4 2.48** 71.37** 125.26 469.03** 
Quadratic 5 1.23 12.22** 61.70 72.64 
Average Q 1 0.19 5.87 0.05 105.25 
Among Q 4 1.49 13.81** 77.12 64.49 
Residual 5 0.50 1.58 154.61* 97.28 
BS21 X A632 Group 6 1.10 12.08** 63.44 189.10** 
Linear 2 2.67* 31.36** 46.26 492.09** 
Average L 1 4.92** 1.78 75.96 276.00* 
Among L 1 0.42 60.94** 16.57 708.18** 
Quadratic 2 0.29 1.83 143.82 26.08 
Average Q 1 0.12 1.29 156.21 39.34 
Among Q 1 0.47 2.38 131.42 12.81 
Residual 2 0.32 3.04 0.25 49.13 
*,**Significant at the 0.05 and 0.01 probability levels, 
respectively. 
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Table Â6. (Continued) 
Mean squares 
Source of Lodging 
variation DF Yield Moisture Root Stalk 
BS21 X À239 Group 6 1. 54* 3. 15 109. 97 96. 77 
Linear 2 1. 54 6. 07 250. 55* 261. 25** 
Average L 1 0. 96 0. 74 494. 35** 24. 38 
Among L 1 2. 11 11. 41* 6. 75 498. 12** 
Quadratic 2 1. 78 3. 10 62. 20 21. 32 
Average Q 1 0. 00 4. 63 0. 62 3. 01 
Among Q 1 3. 57* 1. 57 123. 79 39. 63 
Residual 2 1. 29 0. 28 17. 17 7. 72 
BS22 X H99 Group 6 0. 48 18. 07** 70. 84 27. 04 
Linear 2 0. 31 49. 37** 36. 45 74. 06 
Average L 1 0. 61 37. 80** 27. 11 1. 73 
Among L 1 0. 00 60. 94** 45. 80 146. 40 
Quadratic 2 0. 73 2. 86 63. 34 3. 32 
Average Q 1 1. 31 0. 55 53. 83 6. 60 
Among Q 1 0. 15 5. 17 72. 84 0. 03 
Residual 2 0. 42 1. 98 112. 72 3. 75 
BS22 X A239 Group 6 1. 10 11. 03** 100. 60 61. 01 
Linear 2 2. 35* 28. 55** 240. 81* 81. 28 
Average L 1 4. 69** 10. 30* 367. 89* 47. 24 
Among L 1 0. 00 46. 81** 113. 73 115. 32 
Quadratic 2 0. 35 2. 78 1. 59 60. 16 
Average Q 1 0. 02 5. 36 1. 74 0. 03 
Among Q 1 0. 69 0. 21 1. 45 120. 28 
Res idual 2 0. 59 1. 75 59. 41 41. 58 
BS21 X BS22 Group 21 1. 51** 15. 37** 110. 87* 168. 22** 
Linear 7 3. 57** 35. 41** 207. 53** 422. 14** 
Average L 1 11. 96** 0. 07 714. 83** 613. 83** 
Among L 6 2. 17** 41. 30** 122. 98 390. 19** 
Quadratic 7 0. 76 7. 39** 81. 48 27. 65 
Average Q 1 0. 54 0. 40 0. 06 30. 34 
Among Q 6 0. 80 8. 56** 95. 05 27. 20 
Residual 7 0. 19 3. 30 43. 59 54. 87 
Entries x Env 486 0. 64** 2. 37** 61. 32** 49. 61** 
Pooled error a 0. 47 1. 66 51. 50 27. 51 
(1224) (1224) (1197) (1224) 
X 6. 0 19. 6 5. 8 10. 1 
CV (%) 11. 4 6. 6 123. 7 51. 9 
LSD (0.05) 0. 48 0. 9 4. 7 4. 3 
*Error degrees of freedom, shown in parentheses under each trait, 
vary with the efficiency of the lattice design. 
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Table À7. Analyses o£ variance, combined over four. 1987 environments 
(Experiments 70114, 70214, 71014, 71114) for four traits of 
BS21 and BS22 populations per se and crosses, and four 
single-cross hybrid checks 
Mean squares 
Source of Lodging 
variation DF Yield Moisture Root Stalk 
Environments (Env) 3 638. 44 1626. 95 32666. 26 8010. 86 
Replications/Env 8 10. 55 14. 22 16705. 36 245. ,15 
Entries 99 5. 26** 7. 01** 225. 24** 52. 88** 
BS21 Group 15 0. 90 7. 39** 214. 83** 72. ,34** 
Linear (L) 5 1. 08 20. 61** 299. 09** 167. ,76** 
Average L 1 0. 36 0. 12 686. 82** 317. 86** 
Among L 4 1. 27 25. ,73** 202. 15 130. ,23** 
Quadratic (Q) 5 0. 70 1. 31 247. 29* 37. ,27 
Average Q 1 2. 07 3. 47* 110. 42 17. ,44 
Among Q 4 0. 36 0. 77 281. 50* 42. ,22 
Residual 5 0. 92 0. 25 96. 12 11. ,99 
BS22 Group 15 1. 20** 12. ,12** 174. 26* 35. ,89 
Linear 5 1. 50* 30. ,49** 191. 52 45. 32 
Average L 1 0. 16 7. ,28** 34. 88 115. 79* 
Among L 4 1. 84* 36. ,30** 230. 68* 27. ,70 
Quadratic 5 0. 90 5. ,53** 109. 78 36. 58 
Average Q 1 2. 69* 4. ,52* 8. 80 17. ,94 
Among Q 4 0. 45 5, .79** 135. 03 41. 24 
Residual 5 1. 19 0, ,32 221. 48* 25. ,76 
BS21 X A632 Group 6 0. 54 5. ,16** 137. 65 56. 59* 
Linear 2 1. 20 14. ,79** 55. 19 99. 23* 
Average L 1 1. 29 7. 06** 47. 63 140. 29* 
Among L 1 1. 11 22. ,53** 62. 75 58. 17 
Quadratic 2 0. 06 0, .68 355. 56* 37. 39 
Average Q 1 0. 08 0. 38 55. 19 55. 36 
Among Q 1 0. 03 0. 98 373. 62* 19. 43 
Residual 2 0. 36 0. 01 2. 21 33. 16 
*,**Significant at the 0.05 and 0.01 probability levels, 
respectively. 
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Table A7. (Continued) 
Mean squares 
Source of Lodging 
variation DF Yield Moisture Root Stalk 
BS21 X Â239 Group 6 1.52* 2.68** 191.23* 36.72 
Linear 2 1.72 5.51** 422.90** 86.31* 
Average L 1 1.33 0.19 823.73** 31.06 
Among L 1 2.12 10.82** 22.06 141.57* 
Quadratic 2 1.46 1.51 93.40 8.16 
Average Q 1 0.04 0.03 0.74 0.27 
Among Q 1 2.87* 3.00 186.07 16.05 
Residual 2 1.38 1.02 57.40 15.68 
BS22 X H99 Group 6 0.37 4.80** 108.21 14.97 
Linear 2 0.05 13.47** 55.63 19.52 
Average L 1 0.02 5.48* 36.30 3.17 
Among L 1 0.09 21.45** 74.96 35.88 
Quadratic 2 0.73 0.19 104.73 1.40 
Average Q 1 0.78 0.11 105.84 1.65 
Among Q 1 0.68 0.26 103.61 1.15 
Residual 2 0.32 0.73 164.27 23.97 
BS22 X A239 Group 6 0.75 3.23** 137.03 55.31* 
Linear 2 1.74 8.81** 325.15* 70.88 
Average L 1 3.35* 0.74 460.40* 121.50* 
Among L 1 0.13 16.88** 189.90 20.26 
Quadratic 2 0.20 0.53 4.62 54.50 
Average Q 1 0.15 0.34 8.82 32.78 
Among Q 1 0.25 0.73 0.43 76.21 
Residual 2 0.30 0.34 81.32 40.54 
BS21 X BS22 Group 21 1.29** 6.17** 166.24** 40.03 
Linear 7 2.14** 14.34** 292.89** 70.73** 
Average L 1 9.55** 6.15** 948.51** 225.88** 
Among L 6 0.90 15.71** 183.62* 44.87 
Quadratic 7 1.08 1.81* 136.72 16.99 
Average Q 1 0.13 0.80 0.31 33.08 
Among Q 6 1.24 1.98* 159.45 14.30 
Residual 7 0.67 2.36* 69.10 32.38 
Entries x Env 297 0.64* 0.83* 94.95 25.76** 
Pooled error a 0.53 0.69 86.29 19.54 
(711) (684) (684) (684) 
X 7.2 18.5 10.1 7.2 
cv (%) 10.1 4.5 92.1 61.6 
LSD (0.05) 0.64 0.7 8.0 4.1 
*Error degrees of freedom, shown in parentheses under each trait, 
vary with the efficiency of the lattice design. 
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Table A8. Analyses of variance, combined over three 1988 environments 
(Experiments 80114, 80214, and 81014) for four traits of BS21 
and BS22 populations per se and crosses, and four single-
cross hybrid checks 
Mean squares 
Source of Lodging 
variation DF Yield Moisture Root Stalk 
Environments (Env) 2 214. 63 252. 99 1185. 89 1733. 28 
Replications/Env 6 23. 95 8. 30 1. 62 217. 56 
Entries 99 3. 02** 18. 12** 8. 98 240. 10** 
BS21 Group 15 0. 68 19. 68** 8. 50 269. 14** 
Linear (L) 5 0. 42 44. 90** 9. 50 562. 92** 
Average L 1 0. 38 22. 83* 28. 72 9. 80 
Among L 4 0. 43 50. 42** 4. 67 701. 20** 
Quadratic (Q) 5 0. 39 9. 12* 6. 42 227. 84** 
Average Q 1 0. 30 6. 37 7. 67 477. 32** 
Among Q 4 0. 42 9. 81* 6. 11 165. 46* 
Residual 5 1. 22 5. 00 9. 57 16. 68 
BS22 Group 15 0. 79 15. 79** 9. 32 316. 78** 
Linear 5 0. 82 37. 12** 5. 68 779. 14** 
Average L 1 0. 04 27. 93** 16. 68 22. 12 
Among L 4 1. 01 39. 42** 2. 93 968. 39** 
Quadratic 5 1. 28 7. 16 6. 24 238. 87** 
Average Q 1 1. 50 1. 55 9. 48 116. 22 
Among Q 4 I. 22 8. 57 5. 42 27. 43 
Residual 5 0. 27 3. 08 16. 05 171. 21* 
BS21 X A632 Group 6 0. 90 10. 05* 12. 73 217. 38** 
Linear 2 2. 18* 21. 29** 18. 57 575. 45** 
Average L 1 4. 31** 1. 06 28. 56 136. 90 
Among L 1 0. 05 41. 53** 8. 58 1014. 01** 
Quadratic 2 0. 37 1. 26 13. 81 56. 22 
Average Q 1 0. 04 1. 05 4. 50 0. 98 
Among Q 1 0. 69 1. 46 23. 12 111. 45 
Residual 2 0. 15 7. 59 5. 80 20. 46 
*,**Significant at the 0.05 and 0.01 probability levels, 
respectively. 
231 
Table A8. (Continued) 
Mean squares 
Source of Lodging 
variation DF Yield Moisture Root Stalk 
BS21 X A239 Group 6 0. 76 2. 89 2. 68 76. 57 
Linear 2 0. 16 2. 58 1. 40 207. 74* 
Average L 1 0. 03 3. 31 0. 68 1. 22 
Among L 1 0. 29 1. 85 2. 12 414. 26** 
Quadratic 2 0. 45 4. 73 0. 80 14. 55 
Average Q 1 0. 04 9. 46 0. 04 4. 20 
Among Q 1 0. 86 0. 01 1. 55 24. 90 
Residual 2 1. 68 1. 36 5. 86 7. 42 
BS22 X H99 Group 6 0. 45 17. 15** 1. 21 38. 39 
Linear 2 0. 64 43. 99** 0. 55 66. 88 
Average L 1 1. 09 44. 73** 0. 99 0. 00 
Among L 1 0. 18 43. 25** 0. 12 133. 77 
Quadratic 2 0. 33 5. 32 1. 05 15. 09 
Average Q 1 0. 53 2. 31 0. 45 29. 26 
Among Q 1 0. 13 8. 34 1. 65 0. 93 
Residual - 2 0. 39 2. 14 2. 01 • 33. 20 
BS22 X A239 Group 6 0. 84 10. 07* 8. 75 39. 59 
Linear 2 0. 83 23. 91** 10. 30 65. 28 
Average L 1 1. 43 15. 25 20. 45 4. 97 
Among L 1 0. 24 32. 57** 0. 14 125. 59 
Quadratic 2 0. 27 4. 14 4. 36 42. 29 
Average Q 1 0. 07 8. 20 2. 00 40. 05 
Among Q 1 0. 47 0. 08 6. 72 44. 52 
Residual 2 1. 42 2. 15 11. 58 11. 20 
BS21 X BS22 Group 24 0. 92 13. 47** 7. 30 234. 01** 
Linear 8 1. 74** 27. 03** 9. 80 569. 68** 
Average L 1 3. 18* 24. 48* 36. 59* 190. 53 
Among L 7 1. 54* 27. 39** 5. 97 623. 85** 
Quadratic 8 0. 74 10. 93** 2. 96 69. 24 
Average Q 1 1. 54 7. 95 0. 47 327. 53* 
Among Q 7 0. 63 11. 36** 3. 32 32. 35 
Residual 8 0. 27 2. 45 9. 15 63. 10 
Entries x Env 198 0. 62** 3. 96* 7. 66** 60. 57** 
Pooled error a 0. 37 2. 87 5. 11 37. 62 
(513) (540) (513) (540) 
X . 4. 8 20. 8 1. 4 13. 0 
CV (%) 12. 7 8. 1 156. 9 47. 1 
LSD (0.05) 0. 73 1. 9 2. 6 7. 3 
^Error degrees of freedom, shown in parentheses under each trait, 
vary with the efficiency of the lattice design. 
Table A9. Analyses of variance, combined over four environments in 
1987 and 1988 (Experiments 70515, 71215, 80515, and 81215) 
for eleven plant and ear traits of BS21 and BS22 populations 
per se and crosses 
Mean squares 
Pollen-
Source of Days to^ silk Plant 
variation DF Anthesis Silk interval* height 
Environments (Env) 3 1004. 66 1952. 18 297. 87 118619. 09 
Replications/Env 8 27. 72 27. 79 3. 53 574. 43 
Entries 81 28. 08** 22. 67** 7. 02** 705. 26** 
BS21 Group 15 21. 67** 30. 07** 2. 60** 838. 99** 
Linear (L) 5 56. 47** 66. 54** 1. 52 1417. 48** 
Average L 1 191. 02** 213. 25** 0. 50 3472. 75** 
Among L 4 22. 84** 29. 87** 1. 77 903. 66** 
Quadratic (Q) 5 6. 12** 17. 52** 3. 11* 189. 23* 
Average Q 1 7. 48* 23. 11** 4. 02 577. 62** 
Among Q 4 5. 78** 16. 13** 2. 88 92. 13 
Residual 5 2. 46 6. 13** 3. 19* 910. 25** 
BS22 Group 15 15. ,11** 24. ,72** 3. ,35** 220. 64** 
Linear 5 42. 27** 66. 68** 5. ,89** 241. 33** 
Average L 1 129. ,85** 136. 75** 0. ,15 581. 87** 
Among L 4 20. 38** 49. 17** . 7. 33** 156. 19 
Quadratic 5 2. ,62 5. ,15** 1. ,85 152. ,29 
Average Q 1 11. ,61** 22. 66** 1. ,77 204. 99 
Among Q 4 0. ,38 0. ,77 1. ,87 139. ,12 
Residual 5 0. ,43 2. ,33 2. 32 268. ,29** 
BS21 X A632 Group 6 8. ,19** 8. ,54** 2. ,47 200. ,79* 
Linear 2 17. ,67** 13. ,76** 6. ,60** 95. ,35 
Average L 1 33. 87** 22. ,10** 1. ,08 145. ,85 
Among L 1 1. 46 5. ,43* 12. ,12** 44. ,86 
Quadratic 2 5. 87* 8. ,94** 0. ,22 59. ,16 
Average Q 1 0. ,86 1. ,45 0. ,06 5. 68 
Among Q 1 10, 87** 16. 43** 0. 38 112. ,64 
Residual 2 1. 02 2, .90 0. 58 447. ,85** 
^rait was evaluated in only three environments. 
*,**Significant at the 0.05 and 0.01 probability levels, 
respectively. 
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Mean squares 
No. of 300-
Ear Ear Kernel kernel kernel 
height Length Diameter depth rows weight Yield 
11949.88 753.79 19.696 374.798 12.43 22470.40 896.84 
211.40 14.50 0.372 3.799 0.79 619.14 14.03 
909.19** 7.17** 0.056** 1.131** 8.04** 151.81** 2.69** 
747.26** 4.86** 0.066** 1.001* 2.05** 69.86 1.75** 
1347.20** 10.66** 0.119** 2.095** 2.09** 138.11* 4.02** 
3717.08** 15.35** 0.068 0.744 3.57** 369.99** 8.19** 
754.73** 151.90** 0.132** 2.432** 1.72** 80.14 2.98** 
213.48** 1.47 0.045* 0.552 2.85** 30.70 0.37 
521.91** 1.26 0.004 0.326 6.18** 53.60 0.25 
136.38 1.52 0.056* 0.609 2.01** 24.97 0.40 
681.09** 2.46 0.032 0.357 1.20* 40.79 0.87 
332.28** 4.09** 0.044** 1.000* 6.44** 118.22** 0.63 
657.96** 5.19* 0.089** 0.498 15.19** 226.35** 0.34 
2412.45** 9.59* 0.074* 0.574 0.04 39.11 0.35 
219.34** 4.09 0.092** 2.475** 18.98** 273.16** 0.34 
165.88* 6.23** 0.024 1.448* 2.94** 56.21 0.77 
345.52* 17.54** 0.003 1.371 8.46** 224.03* 2.30 
120.97 3.40 0.030 1.467* 1.56* 14.25 0.39 
173.01* 0.84 0.020 1.054 1.20* 72.10 0.78 
219.18** 0.98 0.026 1.137* 1.38* 86.43 0.63 
400.11** 1.91 0.044 1.990* 0.33 1.42 0.54 
664.96** 3.42 0.016 0.569 0.38 0.13 0.20 
135.26 0.41 0.072 3.410* 0.29 2.70 0.88 
48.41 0.64 0.004 0.258 1.51 59.93 0.16 
8.34 0.63 0.001 0.021 2.55* 37.24 0.17 
88.48 0.66 0.007 0.496 0.47 82.62 0.14 
209.01* 0.39 0.061* 1.164 2.29* 197.94* 1.18 
Table A9. (Continued) 
Mean squares 
Pollen-
Source of Days to^ silk Plant 
variation DF Anthesis Silk interval* height 
BS21 X A239 Group 6 4. 97** 12. 42** 3. 49** 329. 68** 
Linear 2 11. 05** 24. 66** 2. 78 677. 30** 
Average L 1 16. 77** 36. 86** 4. 16 1055. 14** 
Among L 1 5. 33 12. 46** 1. 40 299. 47** 
Quadratic 2 2. 10 10. 95** 5. 85** 88. 63 
Average Q 1 0. 01 9. 86** 9. 64** 155. 76 
Among Q 1 4. 19 12. 04** 2. 06 21. 49 
Residual 2 1. 76 1. 63 1. 84 223. 11* 
BS22 X H99 Group 6 12. 12** 21. 89** 2. 38 329. 72** 
Linear 2 34. 13** 61. 41** 4. 67* 300. 85* 
Average L 1 29. 29** 39. 58** 0. 92 6. 19 
Among L 1 38. 96** 83. 25** 8. 43** 595. 52** 
Quadratic 2 1. 29 0. 10 0. 71 75. 69 
Average Q 1 2. 52 0. 18 1. 34 84. 44 
Among Q 1 0. 06 0. 01 0. 08 66. 95 
Residual 2 0. 93 4. 17* 1. 75 612. 61** 
BS22 X A239 Group 6 4. 25** 5. 90** 0. 51 126. 07 
Linear 2 11. 68** 16. 36** 0. 58 208. 37 
Average L 1 12. 44** 14. 51** 0. 12 388. 81* 
Among L 1 10. 93** 18. 21** 1. 05 27. 92 
Quadratic 2 0. 90 0. 23 0. 46 124. 25 
Average Q 1 1. 80 0. 26 0. 66 6. 07 
Among Q 1 0. 01 0. 21 0. 26 242. 42 
Residual 2 0. 16 1. 11 0. 47 45. 58 
BS21 X BS22 Group 21 14. 50** 15. 58** 1. 67 178. 48** 
Linear 7 34. 30** 35. 30** 0. 64 236. 67** 
Average L 1 179. 44** 188. 67** 0. 08 1465. 57** 
Among L 6 10. 11** 9. 73** 0. 73 31. 86 
Quadratic 7 5. 74** 10. 15** 1. 62 106. 60 
Average Q 1 0. 75 1. 55 0. 25 33. 08 
Among Q 6 6. 57* 11. 58** 1. 84 118. 86 
Residual 7 3. 46 1. 30 2. 75* 192. 15** 
Entries x Env 243^ 1. 71 2. 10** 1. 44 102. 21** 
Pooled error b 1. 41 1. 57 1. 36 68. 34 
(540) (513) (513) (738) 
7 31. 4 34. 0 2. 6 190. 3 
cv (%) 3. 8 3. 7 9. 3 4. 3 
LSD (0.05) 0. 8 0. 9 0. 8 5. 7 
^Error degrees of freedom, shown in parentheses under each trait, 
vary with the efficiency of the lattice design. 
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Mean squares 
No. of 300-
Ear Ear Kernel kernel kernel 
height Length Diameter depth rows weight Yield 
317.27** 1.48 0.020 0.227 0.60 19.36 0.49 
753.55** 1.58 0.054 0.190 0.33 24.79 0.16 
1506.63** 1.34 0.062 0.224 0.41 19.22 0.11 
0.46 1.81 0.047 0.156 0.25 30.35 0.21 
26.13 1.50 0.005 0.260 0.11 0.36 0.62 
43.66 0.92 0.010 0.306 0.12 0.19 0.59 
8.60 2.09 0.001 0.213 0.10 0.53 0.66 
172.12 1.37 0.002 0.230 1.35 32.95 0.69 
68.02 3.00 0.082** 0.998 3.28** 17.91 0.80 
155.85 2.28 0.150** 0.879 9.63** 32.76 1.51 
258.98* 1.93 0.021 0.582 1.09 1.50 0.45 
52.72 2.64 0.279** 1.176 18.17** 64.02 2.57* 
10.43 0.92 0.084* 0.738 0.10 6.91 0.47 
0.46 0.04 0.141** 0.814 0.05 13.59 0.90 
20.41 1.80 0.027 0.663 0.15 0.23 0.03 
37.79 5.80 0.013 1.378 0.11 14.06 0.43 
70.78 1.13 0.052* 1.613** 3.21** 40.36 0.51 
55.70 0.86 0.125** 3.123** 6.28** 64.72 0.78 
107.98 1.64 0.070 2.675* 2.00* 77.93 1.13 
3.42 0.08 0.180** 3.570** 10.55** 51.50 0.43 
52.97 1.03 0.028 0.824 1.92* 53.49 0.45 
56.39 1.56 0.029 0.422 0.45 1.45 0.32 
49.54 0.50 0.027 1.225 3.39* 105.54 0.59 
103.67 1.48 0.004 0.892 1.43 2.86 0.30 
243.36** 2.18 0.036** 0.726 4.00** 114.63** 0.66 
479.14** 3.06 0.065** 1.042 10.03** 166.84** 0.49 
3112.10** 3.44 0.001 0.044 1.02 129.43 0.18 
40.32 3.00 0.076** 1.209* 11.53** 173.08** 0.54 
28.92 1.95 0.019 0.124 0.77 84.04 0.70 
60.21 0.08 0.034 0.001 0.02 189.61* 1.64 
23.71 2.26 0.017 0.144 0.89 66.45 0.54 
222.03** 1.53 0.024 1.013 1.19* 93.00 0.79 
61.06* 2.93** 0.021 0.514 0.55 47.96 0.67 
51.11 2.03 0.024 0.642 0.51 46.77 0.58 
(711) (684) (684) (684) (738) (684) (684) 
85.0 16.4 4.3 7.6 15.8 69.6 6.14 
8.4 8.7 3.6 10.5 4.5 9.8 12.4 
4.4 1.0 0.09 0.45 0.4 3.9 0.43 
Table AlO. Analyses of variance, combined over two 1987 environments 
(Experiments 70515 and 71215) for eleven plant and ear 
traits of BS21 and BS22 populations per se, crosses, and 
four single-cross hybrid checks 
Mean squares 
Pollen-
Source of Days to silk Plant 
variation DF Anthesis Silk interval height 
Environments (Env) 1 1373.94 1325.86 0.42 44.20 
Replications/Env 4 24.52 35.07 2.14 768.35 
Entries 99 21.66** 13.69** 4.65** 580.90** 
BS21 Group 15 14.19** 17.03** 1.69 587.03** 
Linear (L) 5 35.02** 34.90** 1.32 1563.46** 
Average L 1 107.24** 95.39** 0.39 4167.29** 
Among L 4 16.97** 19.78** 1.55 912.50** 
Quadratic (Q) 5 3.77* 10.04** 1.60 100.54 
Average Q 1 3.75* 25.19** 4.01 61.30 
Among Q 4 2.52 6-. 25** 1.00 48.88 
Residual 5 3.77* 6.15** 2.14 97.08 
BS22 Group 15 10. 09** 14. ,84** 1. ,80 203. 22** 
Linear 5 27. 82** 37. ,92** 2. 64 293. 73** 
Average L 1 74. 99** 76. ,64** 0. ,03 729. 29** 
Among L 4 16. 03** 28. ,24** 3. ,29* 184. 83* 
Quadratic 5 1. 93 5, 03** 1. ,56 138. 49 
Average Q I 6. 91* 15. 33** . 1. 59 251. 86 
Among Q 4 2. 76 2. ,45 1. ,55 110. 14 
Residual 5 0. 51 1. ,56 1. ,19 177. 44* 
BS21 X A632 Group 6 4. 27** 3. ,33* 0. ,74 111. 89 
Linear 2 9. 87** 5. ,90* 1. ,03 122. 74 
Average L 1 19. 51** 11. ,37** 0. ,99 227. 27 
Among L 1 0. 23 0. ,44 1. 08 18. 22 
Quadratic 2 2. 26 1. ,89 0. ,71 68. 89 
Average Q 1 0. 07 1. ,57 0. ,88 22. 89 
Among Q 1 4. ,44 2, 22 0. ,54 114. 89 
Residual 2 0. 69 2. ,19 0. ,97 144. 05 
*,**Significant at the 0.05 and 0.01 probability levels, 
respectively. 
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Mean squares 
No. of 300-
Ear Ear Kernel kernel kernel 
height Length Diameter depth rows weight Yield 
3782.02 126.03 0.120 15.045 25.52 543.08 53.65 
88.51 1.47 0.025 0.709 0.96 60.74 0.92 
597.87** 7.37** 0.046** 1.096** 6.02** 191.78** 2.81** 
509.04** 5.01** 0.037* 0.474 0.53 36.74 2.12** 
1287.51** 11.60** 0.070** 0.552 0.40 69.55 5.31** 
3803.18** 41.84** 0.142** 0.092 1.04 197.07 15.52** 
658.59** 4.04 0.052* 0.668 0.24 37.67 2.76** 
161.41* 1.39 0.021 0.585 0.52 38.06 0.27 
374.15* 0.79 0.003 0.020 0.87 85.35 0.00 
108.22 1.54 0.026 0.727 0.43 26.24 0.34 
78.20 2.03 0.020 0.284 0.67 2.63 0.79 
342.35** 2.26 0.053** 1.213** 3.87** 84.82 0.60 
631.90** 1.50 0.099** 0.068 9.74** 106.16 0.38 
2362.44** 1.04 0.017 0.000 0.13 23.02 0.18 
199.26* 1.61 0.119** 0.084 12.14** 126.95 0.43 
194.07** 3.34 0.022 1.171 1.30* 79.51 1.00 
339.64* 15.29** 0.011 2.838* 4.89** 334.94* 1.92 
157.67* 0.35 0.024 0.754 0.40 15.65 0.77 
201.09** 1.95 0.039 2.400** 0.59 85.98 0.40 
157.30* 3.70* 0.014 0.492 0.57 90.02 0.21 
379.91** 4.10 0.010 0.047 0.15 36.01 0.57 
519.41** 3.55 0.002 0.049 0.20 0.02 1.08 
240.41* 4.65 0.017 0.045 0.10 72.00 0.07 
68.05 0.97 0.005 0.188 0.79 69.52 0.03 
0.67 1.75 0.006 0.025 1.56 72.47 0.03 
135.44 0.19 0.005 0.351 0.01 66.57 0.02 
23.92 6.02* 0.026 1.243 0.79 164.52 0.04 
Table AlO. (Continued) 
Mean squares 
Pollen-
Source of Days to silk . Plant 
variation DF Anthesis Silk interval height 
BS21 X Â239 Group 6 4.42** 5.87** 1.16 255.73** 
Linear 2 9.95** 11.74** 0.20 617.04** 
Average L 1 15.35** 15.50** 0.01 1047.22** 
Among L 1 4.54 7.97* 0.39 186.86 
Quadratic 2 1.52 5.41* 2.15 103.57 
Average Q 1 0.00 3.95 3.50 176.60 
Among Q 1 3.04 6.87* 0.80 30.54 
Residual 2 1.79 0.45 1.12 46.58 
BS22 X H99 Group 6 9.44** 17.82** 2.75* 235.12** 
Linear 2 26.44** 45.42** 4.29* 473.01** 
Average L 1 24.46** 21.80** 0.04 81.96 
Among L 1 28.41** 69.04** 8.53** 864.05** 
Quadratic 2 0.66 0.50 1.14 51.77 
Average Q 1 1.15 0.07 0.61 99.10 
Among Q 1 0.16 0.94 1.66 4.44 
Residual 2 1.22 7.55** 2.84 180.59 
BS22 X A239 Group 6 3.32* 3.39* 0.33 87.52 
Linear 2 8.22** 9.87** 0.12 152.54 
Average L I 8.08* 8.54* 0.02 276.32* 
Among L 1 8.36* 11.20** 0.22 28.76 
Quadratic 2 1.75 0.21 0.80 83.17 
Average Q 1 3.18 0.23 1.61 9.72 
Among Q 1 0.31 0.19 0.00 156.63 
Residual 2 0.00 0.10 0.07 26.84 
BS21 X BS22 Group 21 9.59** 11.16** 1.00 136.35** 
Linear 7 24.72** 27.34** 1.25 264.98** 
Average L 1 139.87** 150.12** 0.14 1458.32** 
Among L 6 5.53** 6.88** 1.43 66.09 
Quadratic 7 2.83 5.52** 1.24 88.90 
Average Q 1 0.56 0.04 0.66 18.77 
Among Q 6 3.20* 6.43** 1.34 100.59 
Residual 7 1.22 0.61 0.51 55.16 
Entries x Env 99 1.72 1.70 0.89 85.50 
Pooled error __a 1.46 1.35 1.22 70.51 
(342) (342) (342) (369) 
r 31.0 32.9 1.8 206.4 
cv (%) 3.9 3.5 9.3 4.1 
LSD (0.05) 1.5 1.5 1.1 10.7 
*Error degrees of freedom, shown in parentheses under each trait, 
vary with the efficiency of the lattice design. 
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Mean squares 
No. of 300-
Ear Ear Kernel kernel kernel 
height Length Diameter depth rows weight Yield 
228.56** 2.55 0.036 0.381 0.18 53.49 2.06** 
627.43** 1.09 0.025 0.084 0.15 73.37 0.03 
1248.30** 1.45 0.031 0.093 0.20 139.90 0.04 
6.55 0.72 0.019 0.074 0.11 6.84 0.02 
55.79 1.86 0.014 0.889 0.14 16.45 1.86* 
76.74 0.13 0.016 0.698 0.07 2.74 0.49 
34.84 3.60 0.012 1.081 0.21 30.17 3.23* 
2.46 4.69 0.068* 0.169 0.25 70.64 4.30** 
72.52 1.42 0.037 0.494 2.22** 17.08 0.48 
196.56* 2.56 0.042 0.322 6.08** 13.77 0.95 
308.77* 2.04 0.001 0.552 0.55 17.67 0.04 
84.35 3.09 0.083* 0.092 11.60** 9.86 1.85 
8.17 0.12 0.046 0.386 0.11 6.91 0.43 
8.52 0.03 0.092* 0.765 0.20 13.32 0.80 
7.82 0.21 0.000 0.007 0.03 0.49 0.07 
12.82 1.56 0.023 0.773 0.49 30.56 0.06 
34.25 0.45 0.036 1.455* 2.17** 16.16 0.39 
47.38 0.20 0.075* 2.242* 3.50** 14.33 0.76 
74.79 0.07 0.002 0.690 0.73 22.05 0.22 
19.98 0.34 0.147** 3.794** 6.27** 6.60 1.31 
22.53 0.18 0.016 0.403 1.79* 21.02 0.08 
22.94 0.31 0.027 0.142 0.16 14.33 0.00 
22.13 0.05 0.005 0.664 3.42** 36.09 0.16 
32.84 0.96 0.018 1.719* 1.21 13.15 0.33 
206.58** 2.64 0.049** 1.228** 2.31** 110.35* 0.85 
444.85** 4.15* 0.100** 1.773** 5.61** 120.23 1.32* 
2715.32** 7.39* 0.037 0.706 0.06 84.54 3.91* 
66.44 3.61 0.111** 1.951** 6.53** 126.18 0.89 
37.75 0.93 0.015 0.493 0.92 60.31 0.44 
82.53 0.23 0.000 1.225 0.15 6.13 0.62 
30.29 1.05 0.017 0.371 1.05 69.34 0.41 
137.12* 2.84 0.031 1.418* 0.40 150.52* 0.78 
60.29 1.63 0.017 0.502 0.43 62.61 0.55 
61.61 1.74 0.019 0.533 0.51 67.62 0.61 
(369) (342) (342) (342) (369) (342) (342) 
91.3 17.9 4.5 8.6 15.8 77.0 7.8 
8.6 7.4 3.1 8.4 4.5 10.7 10.0 
9.0 1.5 0.15 0.82 0.8 9.14 0.86 
Table All. Analyses of variance, combined over two 1988 environments 
(Experiments 80515 and 81215) for eleven plant and ear 
traits of BS21 and BS22 populations per se. crosses, and 
four single-cross hybrid checks 
Mean squares 
Pollen-
Days to^ silk Plant 
DF Anthesis Silk interval* height 
Source of 
variation 
Environments (Env) 1 — — — 117999. 62 
Replications/Env 4 34. 12 13. 23 6. 31 380. 51 
Entries 99 11. 62** 10. 02** 4. 81** 273. 07** 
BS21 Group 15 10. 51** 17. 82** 2. 46 340. 85** 
Linear (L) 5 25. 09** 36. 39** 1. 17 794. 09** 
Average L 1 83. 38** 131. 81** 4. 44 2500. 34** 
Among L 4 10. 52** 12. 54** 0. 36 367. 53** 
Quadratic (Q) 5 3. 69* 12. 99** 3. 36 128. 70 
Average Q . 1 0. 31 1. 51 0. 41 141. 28 
Among Q 4 4. 54** 15. 87** 4. 10* 125. 56 
Residual 5 2. 75 4. 07 2. 85 99. 77 
BS22 Group 15 6. 98** 13. ,10** 4. 00** 93. ,01 
Linear 5 16. 22** 30. 82** 4. 90* 228. ,92 
Average L 1 56. 11** 62. ,00** 0. 20 28. ,01 
Among L 4 6. 25** 23. 02** 6. 08** 279. ,14* 
Quadratic 5 3. 72* 3. ,45 2. 02 43. ,18 
Average Q 1 4. 76 7. ,33 0. 27 13. 99 
Among Q 4 3. 46* 2. ,49 2. 46 50. ,48 
Residual 5 0. 99 5. 03* 6. 35** 6. ,91 
BS21 X A632 Group 6 4. 42** 7. ,82** 4. 42* 149. ,91 
Linear 2 8. 35** 10. 49** 10. 47** 194. ,71 
Average L 1 14. 70** 11. ,38* 0. 16 365. ,61 
Among L 1 2. 01 9. ,59* 20. 79** 23. ,81 
Quadratic 2 4. 48* 12. ,12** 2. 64 177. ,37 
Average Q 1 1. 50 0. ,10 0. 80 2. ,04 
Among Q 1 7. 46* 24. ,13** 4. 49 352. ,70 
Residual 2 0. 42 0. ,58 0. 13 77. ,66 
*Trait was evaluated in only one environment. 
*,**Significant at the 0.05 and 0.01 probability levels, 
respectively. 
241 
Mean squares 
No. of 300-
Ear Ear Kernel kernel kernel 
height Length Diameter depth rows weight Yield 
23.91 91.95 2.354 21.271 1.58 19829.32 48.48 
334.29 27.53 0.719 6.888 0.61 1177.54 27.13 
313.78** 6.25* 0.056** 1.118** 4.79** 69.60** 1.38** 
320.81** 4.32 0.040 0.874 1.95** 54.86 0.61 
726.56** 5.87 0.071* 1.841* 2.18* 93.22* 0.61 
2293.46** 0.86 0.000 0.839 2.73 173.30* 0.01 
334.83** 7.13 0.088* 2.092* 2.05* 73.19 0.77 
92.50* 4.32 0.029 0.514 2.94** 14.54 0.90 
50.75 6.14 0.001 0.897 6.67** 1.24 0.48 
102.94* 3.86 0.036 0.419 2.00* ,17.86 1.00 
143.37** 2.76 0.020 0.265 0.72 68.84 0.32 
72.98* 3.75 0.025 0.726 2.84** 73.09* 0.44 
177.04** 4.73 0.029 0.766 5.89** 121.82** 0.42 
571.51** 11.28 0.065 1.125 0.01 16.37 0.17 
78.42 3.09 0.020 0.677 7.35** 148.18** 0.48 
14.84 5.01 0.026 0.865 1.80* 7.39 0.28 
63.26 • 4.05 0.000 0.008 3.62* 8.21 0.58 
2.73 5.26 0.032 1.082 1.34 7.19 0.21 
27.05 1.50 0.021 0.546 0.85 90.05* 0.63 
96.74* 5.32 0.023 1.328 0.91 26.78 1.48* 
272.47** 4.97 0.057 3.708** 0.19 19.19 1.34 
543.24** 0.55 0.051 1.659 0.18 0.41 0.16 
1.70 9.39 0.062 5.756** 0.19 37.96 2.51* 
5.85 0.27 0.006 0.083 0.87 11.03 0.16 
3.38 0.04 0.009 0.002 1.01 0.01 0.17 
8.32 0.50 0.002 0.163 0.73 22.04 0.15 
11.89 10.73 0.007 0.194 1.66 50.14 2.94** 
Table All. (Continued) 
Mean squares 
Pollen-
Source of Days to^ silk Plant 
variation DF Anthesis Silk interval^ height 
X 
BS21 X A239 Group 6 1. 00 7. 41** 4. 70* 135. 63 
Linear 2 1. 69 14. 49** 6. 45* 227. 22 
Average L 1 2. 41 24. 49** 11. 53** 220. 38 
Among L .1 0. 97 4. 50 1. 36 234. 06 
Quadratic 2 0. 60 6. 10 4. 48 86. 07 
Average Q 1 0. 05 6. 90 7. 46* 27. 00 
Among Q 1 1. 16 5. 31 I. 51 145. 13 
Residual 2 0. 70 1. 64 3. 17 93. 61 
BS22 X H99 Group 6 3. 64* 6. 26** 1. 34 209. 09 
Linear 2 8. 19** 17. 43** 2. 31 128. 82 
Average L 1 5. 66* 18. 44** 3. 81 168. 64 
Among L 1 10. 71** 16. 42** 0. 80 89. 00 
Quadratic 2 0. 77 0. 74 1. 30 355. 18* 
Average Q 1 1. 52 0. 14 0. 08 483. 87* 
Among Q 1 0. 02 1. 35 1. 79 226. 49 
Residual 2 1. 97 7. 47* 0. 42 143. 27* 
BS22 X A239 Group 6 1. 43 3. 17 0. 61 85. 12 
Linear 2 3. 52 6. 57* 0. 70 24. 16 
Average L 1 4. 37 6. 08 0. 17 32. 86 
Among L 1 2. 68 7. 06 1. 23 15. 46 
Quadratic 2 0. 21 1. 01 0. 46 226. 37 
Average Q 1 0. 04 0. 04 0. 15 226. 55 
Among Q 1 0. 38 1. 98 0. 77 226. 18 
Residual 2 0. 55 1. 94 0. 69 4. 83 
BS21 X BS22 Group 24 6. 03** 6. 58** 2. 59* 116. 55 
Linear 8 11. 22** 11. 27** 1. 53 164. 78 
Average L 1 55. 21** 60. 45** 0. 10 982. 53** 
Among L 7 4. 93** 4. 24* 1. 73 47. 96 
Quadratic 8 3. 50** 5. 62** 1. 78 114. 03 
Average Q 1 0. 74 6. 06 2. 68 73. 76 
Among Q 7 3. 89** 5. 56** 1. 65 119. 80 
Residual 8 3. 38* 2. 85 4. 48** 70. 84 
ttries X Env 99. — •- — 99. 71** 
)oled error __b 1. 33 2. 01 1. 64 66. 16 
(198) (171) (171) (369) 
32. 8 36. 5 3. 7 175. 7 
Î  ( % )  3. 5 3. 9 9. 4 4. 6 
!D (0.05) 1. 9 2. 3 2. 1 11. 5 
^Error degrees of freedom, shown in parentheses under each trait, 
vary with the efficiency of the lattice design. 
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Mean squares 
No. of 300-
Ear Ear Kernel kernel kernel 
height Length Diameter depth rows weight Yield 
130.62** 0.56 0.026 0.433 0.96 46.77 0.53 
340.17** 0.65 0.029 0.413 0.63 29.23 0.16 
604.84** 0.19 0.031 0.132 0.21 31.67 0.07 
75.50 1.11 0.028 0.693 1.06 26.78 0.24 
38.27 0.51 0.004 0.096 0.28 10.49 0.28 
16.92 1.00 0.002 0.003 0.56 1.08 0.15 
59.61 0.02 0.007 0.189 0.00 19.90 0.41 
13.43 0.54 0.044 0.792 1.96 100.58 1.15 
39.33 2.03 0.062* 0.738 1.46 24.90 0.60 
11.97 0.29 0.121* 0.814 3.71* 51.03 0.69 
13.51 0.29 0.032 0.112 0.54 35.23 0.56 
10.43 0.29 0.210** 1.516 6.88** 66.83 0.82 
38.82 1.14 0.056 0.648 0.27 1.22 0.10 
36.02 0.20 0.052 0.161 0.02 2.44 0.20 
41.63 2.08 0.060 1.135 0.51 0.00 0.00 
67.21 4.65 0.008 0.752 0.41 22.45 1.00 
65.59 0.94 0.032 0.600 1.39 36.25 0.41 
16.08 1.23 0.077 1.361 2.84* 59.06 0.56 
27.54 2.42 0.107 2.198 1.31 60.66 1.07 
4.61 0.04 0.047 0.524 4.37* 57.46 0.05 
156.51* 1.04 0.017 0.429 0.44 44.87 0.59 
223.17* 1.47 0.006 0.294 0.30 17.14 0.71 
89.86 0.61 0.027 0.563 0.57 72.61 0.47 
24.16 0.56 0.002 0.010 0.90 4.81 0.08 
98.49** 2.24 0.051* 1.298* 2.25** 58.97 0.60 
199.06** 1.42 0.081** 1.278 5.62** 79.78* 0.70 
1499.48** 0.24 0.062 0.081 5.83** 110.25 2.15 
13.28 1.58 0.083** 1.450 5.59** 75.43 0.49 
42.62 2.67 0.041 1.218 0.17 70.27 0.56 
30.11 0.00 0.030 0.531 0.01 328.61** 1.54 
44.40 3.05 0.043 1.316 0.19 33.37 0.42 
53.79 2.63 0.032 1.396 0.96 26.85 0.55 
43.18 4.07** 0.025 0.531 . 0.77** 36.60* 0.57 
39.78 2.31 0.029 0.752 0.51 25.91 0.56 
(342) (342) (342) (342) (369) (342) (342) 
79.6 15.2 4.0 6.6 15.7 63.2 4.7 
7.9 10.0 4.2 13.1 4.5 8.1 16.1 
7.6 2.3 0.18 0.84 1.0 7.0 0.87 
Table A12. Analyses of variance, combined over four locations (Environ­
ments 80225, 80525, 81025, and 81225), for 12 traits of BS21 
and BS22 populations per se (SQ generation) and crosses 
grown in 1988 
Mean squares 
Source of Days to Days to Pollen-silk 
variation df anthesis* silk* interval* 
Locations 3 158.42 8.82 92.48 
Replications/locations 16 3.79 6.42 3.96 
Entries 19 26.70** 47.02** 5.29* 
Entries x locations 57 0.79 3.07 2.70 
pooled error 304 1.27 3.22 3.10 
X 30.2 35.3 5.2 
cv (%) 3.7 5.1 11.6 
LSDq (0.05) 1.0 1.6 1.6 
»0 
*Trait was evaluated in only two environments. 
*,**Significant at the 0.05 and 0.01 probability levels, 
respectively. 
Table A13. Analyses of variance, combined over four locations (Environ­
ments 80225, 80525, 81025, and 81225), for 12 traits of BS21 
and BS22 selfed populations per se (S, generation) grown in 
1988 
Mean squares 
Source of 
variation df 
Days to 
anthesis* 
Days to 
silk* 
Pollen-silk 
interval* 
Locations 3 86. 11 30. 01 14. ,45 
Replications/locations 16 1. 74 1. 91 2. 79 
Entries 7 21. 17 17. 97 1. ,49 
Entries x locations 21 13. 03** 9. 18* 1. ,48 
Fooled error 159 4. 27 3. 90 2. ,54 
X 34. 1 38. 6 4. ,5 
CV (%) 6. 1 5. 1 11. ,0 
LSD- (0.05) 
==1 3. 8 3. 2 1. ,4 
*Trait was evaluated in only two environments. 
*,**Significant at the 0.05 and 0.01 probability levels, 
respectively. 
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Mean squares 
Plant Ear Ear Ear Kernel No. of 
height height length diameter depth kernel rows 
13955.34 2268.81 530.90 3.947 76.943 22.15 
284.41 155.99 9.98 0.090 1.893 . 1.17 
877.30** 616.82** 8.23** 0.096** 2.081** 9.44** 
110.01* 52.30 4.25 0.022 0.682 0.67 
75.16 50.82 3.31 0.027 0.652 0.81 
170.0 72.4 13.5 3.97 6.46 15.8 
5.1 9.9 13.5 4.1 12.5 5.7 
6.6 4.4 1.1 0.10 0.50 0.6 
Mean squares 
Plant Ear Ear Ear Kernel No. of 
height height length diameter depth kernel rows 
7004.22 815.45 117.93 0.871 13.907 10.67 
238.77 113.42 10.94 0.034 1.254 1.46 
1779.40** 1172.03** 14.93 0.100** 1.678 5.84** 
227.20** 112.31* 10.05** 0.025 0.984 0.91 
98.88 62.52 4.6 0.028 1.027 1.07 
158.4 67.7 9.8 3.74 5.64 14.9 
6.3 11.7 21.7 4.5 18.0 7.0 
9.9 7.0 2.1 0.10 0.63 0.6 
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Table Âl2. (Continued) 
Mean squares 
Source of Ears per 300-k Grain 
variation df Plant weight yield 
Locations 3 1.3040 3944.05 105.77 
Replications/locations 16 0.0157 98.56 3.39 
Entries 19 0.0120 159.36** 1.26** 
Entries x locations 57 0.0153* 28.67 0.50 
fpoled error 304 0.0101 36.14 0.57 
X 0.89 63.9 3.85 
CV (%) 11.3 9.4 19.6 
LSDq (0.05) Of* 0.08 3.7 0.47 »0
Table A13. (Continued) 
Mean squares 
Source of Ears per 300-k Grain 
variation df plant weight yield 
Locations 3 0.6126 1037.85 13.94 
Replications/locations 16 0.0547 54.64 0.74 
Entries 7 0.0531* 229.49** 1.37 
Entries x locations 21 0.0329 43.11 0.73* 
Ppoled error 159 0.0239 36.69 0.44 
X 0.75 62.1 2.29 
CV (%) 20.6 9.7 28.8 
LSDg (0.05) 0.10 3.8 0.56 
